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s WAR DEPARTMENT
UNITED STATES ENGINEER OFFICE

THIRD FLOOR, PARK SQUARE BUILDING

31 ST. JAMES AVENUE
BOSTON 16, MASS,

WEBGD 10 Qctober 1945

MEMORANDUM TO: Chief, Engineering Division

CONCERNING: Definite Project Report, Ngrth Andover and Lewrencs,
Massachusetts = Local Pro%ection

l. Reference is made to paragraph 2 in the 5th Indorsenent,
dated 3 Qctobeor 1945, on the above subject,from the New Englend Division
to the O0ffice, Chiefl of Englneers. The following comments are made
reolative to the discussion on the proposed cepacity of the pumps
for the North Andover Pumping Station:

(a) The capacity of the existing drainage system is 20 o.fe.s.

(b) The oapdoity of the existing trunk sewer is 6 c.f.s.,
but it is estimated that due to the small area served by the sewerage
system, the maximun flow will be 2 c.f.5.

{¢) With the proposed drainage interceptors the total
drainage oapacity will be 34 o.f.s. and, combined with the sewage
flow of 2 c.f.8., the maximum inflow to the pumping station will be
36 c.f.8. It should be noted that emergency outlets through the
walls are provided for storm run-off in excess of the drain capacity
to prevent ponding within the walled area. So

(d) The pumping eapacity in the initial prPJect report
submitted 22 May 1944 proposed pumping capacity of ¢# c.f.s. in
ordar to provide an emergency pumping unit. An indorsement from the
0ffice, Chief of Engineers, dated 9 September 1944, relative to the
Nashua Definite Projeot Report, noted that, "It is considered that
a pump capaoity greater than the capaoity of the existing sewers
is not warranted". (Consequently, in reviewing the design of the
proposed North Andover Pumping Station, this recommendation wes
followed and the pump capacity was reduced to 36 c.f.S.

{(e) The indorsement deducts 6 c.f.s. for sewage flow and
obtains a pump capacity of 30 c.fes. to handle storm run~off instead
of the noted 34 o,f.s. and as discussed in the project report.

(£) The 0.85 inch rainfall is derived from the assumed
run-off of 30 c.f.s. and a run=off coefficient of 0.45. It should
be noted that the 0.85 inches ia a rate of rainfall expressed in
inches per hour even though the assumed storm lasted only 30 minutes.
The volume of rain in that 30 minute pericd was 0.43 inches, but the
rate was 0.86 inches per hour. The mentioned 0.30 inches per hour
Ts THot understood. . :




(g) The frequency of a storm with a 30 minute intensity
of 0.85 inohes per hour is approximately once every 5 months. It
is believed that the indorsements method of expressing frequenoy
in "percent chance of ocourrence in any one year" is mislesding.

(h) The New England Division "considers a storm of a
one (1) percent chance of ocourrence in any one year to be the
minimum value upon which to base the design of the station®.
Conceivably, this would be & storm with a frequency of onoce in
100 years, bubt a frequenoy of once a year is actually intended.
Selecting pump capacity on the basis of storm frequency gives the
impression that the puups will be utilized to capacity every year.
However, emphasis should be made on the improbability that the
one year storm will synohronize with the flood stage in the river,
for the storm and the flood stage must ococur conourrently to re~
gquire full use of the pumps. Exact mathematical analysis of the
probability of simultaneous occurrence of storm and flood stage
is impossible but Plates 11, 1lla, 1ld, in the Project Report show
graphically the frequency relationship of each factor separately.

(1) The 2nd Indorsement from the Qffice, Chlef of
Engineers, dated 31 August 1944, recommsnded reviewing the proposed
capacity of the pumps for the Lawrence Pumping Station, believing
that the size of the pumps could be reduced. No mention was made
of the selected pumps for ths North Andover Pumping Station, but
in view of the noted recommendation concerning the Nashua pumps,
it was conoluded that the same polioy should be applied to the
pumps for all stations.

E. F. Childs
BEngineer
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WAR DEPARTMINT
United States Engineer Office
2d Floor, Park Square Bldg, ,
31 St, James Avenue May 1944
Bpgton 16, Hass, (Rev. 53 Dec, 19ML)

Subjectt Definite Project Remort for North Andover and Lawrence,
Magsachusetts, Local Protection

ot The Chief of Bngineers, U, S, Army, Washington, D, C,,
Through the Division Engineer, New England Division,
Boston, Massachusetts'

©o

1. Project Authority.~ The projects for local protection at
Forth Andover and Lawrence, Massachusetts, as described herein, are
pronosed as part of the comprehensive plan for flood control reser-
voirs and related flood control works for the Merrimack River Basin
authorized by the Flood Control Acts approved 22 June 1936 and 28
June 1938, The Flood Control Act of 1938 provides that, “The project
for flood control in the Merrimack Biver Basin as author1zed by the
Plood Control Act apnroved 22 June 1936, is modified to provide, in
addition to the construction of the system of fiuod contrel reser-
voirs, related flood control works wh1ch may be found Justlfied by
the Chl ef of Engineers",

2. Previous Investigationss~ The investigations and studies
upon which the authorized nroject for the Merrimack River Basin is
based are described in House Document Vo, 689 -75%h Congress, 3rd
Session,

Y

2. The local protection work for North Andover was con~
templated in 1940 and reference is made to the "Survey Report for
Wavigation, Flood Contrel, and Water Power, Merrimack River, Massa-
chusette and New Hampshire", dated 1 April 1940 and submitted to
the Chief of Engineers. This revort notes that the local flood
protection works were under consideration and presents an anproxi-
mate estimate of the vroposed construction costs, Reference is made
also to the "Subnroject for North &ndover, Merrimack River Basin,
Yage, ", dated 22 August 19&0, submitted to the Chlef of Bngineers.

" b. The City of Lawrence planned to spensor two projects
under the Works Progress Administration in 1939.



. (1) The construction of dikes and walls in south
Lawrence along the west bank of the Shawsheen River, similar to
the layout shown on Plate 5, and

(2} The construction of dikes and walls in west
Lawrence along the north bank of the Merrimack River, similar to
the plan shown on Plate 12, ’

Work on the south Lawrence, project was not started due to the,
uncertain conditions of that meriod, The west Lawrence project was
initiated but only martially completed before labor curtailments
forced the construction to terminate., The completed mortion of
the dike affords no nrotection in its nresent condition.

3. Location and Description of Areas Affected.-

a. CGeneral,- (1) HNorth Andover and south Lawrence,-

The wnroposed. ﬁrogects are located on thé banks of the Shawsheen
River which forms the boundary between the City of Lawrence and

the Town of ¥orth Andover. The sites of the dikes and walls are
about one-nalf mile upstream from the confluence of the Shawsheén
~and. Merrimack Rivers which is 27.3 miles above the mouth of the
Merrimack River and aprroximately 24 miles north of Boston, Massa-
chusetts, The area requiring protection in North Anddver is a
residential development of approximateély 25 acres, with an estimated
podulation of about 500, The total valuation 1€ estimated to be

500,000, The area requiring protection in south Lawrence is a
residential development of aporoximately 40 acres with a population
of apvroximately 1000, The total assessed valuation of the south’
Lawrence ares in 1939 was $770,000,

: (2) West Lawrence.- The incomplete W.P.A. project
in west Lawrence is located on.the north bank of the Merrimack

- River Just upstream from the Bssex Dam, or approximately 29,2 miles
above the mouth of the Merrimack River, The area subject to damage
during past floods consists of approximately 125 acres and is
thickly developed with commercial establishments and residences,
The total assessed valuation in 1939 was $1,760,000.

by Flood Conditions,.- (1) Vorth Andover and South
Lawrence.~ ALl floods that canse damage at these two sites are the
result of backwater from flood stages on the Merrimack River and are
not produced by flood flows on the Shawsheen River, The Shawsheen
River has a total drainage srea of 73 square miles above its mouth
and is a sluggish stream, its flow controlled by numerous ponds and
swamps,  The greatest fldoc ot record occurred in March 1936 when
the areas in North Andover and south Lawrence were flooded %o a
maximum depth of about 15 feet. The estimated direet losses totalled
$220,000 in Morth Andover and’ approximately the same in the south
'Lawrence area %0 he mrotected by this wroposed project, Parts of
both areas were flooded agaln during the hurricane flood in September

1938,




(2) West lawrence,~ - Tlood damage in this area is
_the result of the backwater head oroduced by the Essex Dam, In
the 1936 flood the area was inundated to a maximum depth of about
4 to % feet and in 1938 a smaller ares was affected with maximum
depths ranging from 1 to 2 feets The 19%6 flood caused estimated
dlrect losses of $165,000.

‘ c. Current Flood Control Projects.~ The comprehensive _
plan for flood control in the Merrimack River Basin and its present »
status is illustrated on Plate 1, Two reservoirs have been com~
pleted: (1) Franklin Falls controlling the Pemigewasset River, the

© principal tributary of ,the Merrimack River, and (2) Blackwater

Ressrvoir on the Blackwater River, a tributary of the Contoocook

River, Other proposed reserveirs for controlling the Contooccook

River are Mountain Brook, West Peterboro, Bennington and Beards

" Brook., The effects of these reservolrs, beth existing and proposed,
have been considered in determining grades for the walls and dikes
to protect the inundated areas. & local protection project has
been proposed for Nashua, New Hampshire, at the confluence of the -

Nashua and Merrimack Rivers, Local nrotection nrojects also have
beer completed at Fitchburg, lLowell and Haverhill, Massachusetts.,

There are no other flood control works, ewisting or contemnlated,
which affeet the projects described herein,

h.' Definite Project Plan,~

a. York Provosed,~ The areas to De nrotected and the
nroposed plans for preventing damage from future floods are shown
on Plates 3, %, 5 and 12, All the areas are low and subject to
. inundation during the flood stages on the Merrimack River, It is
proposed to provide protection similarly in all areas by construce
ing. earth dikes and concrete walls, In Yorth Andover and south
Lawrence, it is necessary to provide pumping facilities for the
sewage and drainsge at each site. Yore detailed descr1nt10n of the’
nrovosed congtruction in the different areas are as follows:

(1) North Andoveri- Approximately 2300 feet of
concrete wall and 750 feet of earth dike are proposed in this section. (¥
New drains will be installed adjacent to .the wall and dike to inter~ . °
cept surface run~off, and a pumping station will be constructed to
pump both sewage and storm drainage from the local drainage area
during flood neriods, )

‘ . (2) South Lawrence.- Approximately 3250 feet of
conerete wall and 570 feet of .earth dike are proposed In this
section, New drains, interceptors, and diversion pipe will be ine
stalled to prevent flooding by backwater from the combined sewage
and dralnage system, A pumping station will be comstructed to d13~
charge the sewage and drainage during flood perlods,

I . .
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(3) West Lawrence,~ The work in the west Lawtence
ares conslsts of completing the W.PL A, earth dike, The original
W.P.A. plans SD801f165 an earth dike anproximately 2300 feet long
on the north bank, About 1000 feét of this dike was completed in

the 1940 censtruction period,. but the remainder of the dike re-~ L%Q§'pf_

auires riprapving, gravel toe drain, topsoil and seeding: The low
“area east of this earth dike will be vrotected by a concrete wall
extending 350 feet along the river side of the 0'Sullivan Park and
a low earth dike apvroximately 375 feet in length, Mo ninlng or
pumping station is required for this section.

D Des:.gn Flood,~ The greatest flood of recor6 on the
Herrimack River occurred in March 1936, when the discharge at Lawrence
was 174,000 ec,fes, ~ This flood exceeded all previous floods on the
Merrimock River in an official record of 90 years and an unofficial .
record of nearly 200 years by 66,000 cifys, and 9 feet in stage,
The flood in September 1938 had a peak discharge of about 120, 000
cefes, and is the second highest flood of record, 411 flood flows

on the Merrimack River are produced by elther, or a combination of,
heavy rainfall and melting snow in the headwaters of the Merrimack
River Basin, The drainage areas of all tributary rivers in the
gouth half of the basin are of such characteristics and size that,
although they contribute to and augment the Merrimack Biver flow,
they are not conducive to producing dameging floods on the Merrimack
River, Consequently, as the maximum discharges are produced by the
headwater tributaries in the mountainous portion of the drainage
area, the maximum crest of the flood at lLawrence occurs about 55 .
hours, or more than two days, following the flood producing rainfall,’
This characteristic of the river hydraulics is noted because of its
importance in the selection of pumping station capacities,. It was
concluded that the maximum flood of record, reduced by the compre-
hensive reservoir program, wonld provide a safe design criteria for
local protection works in this areas’ This is the same design cri-
teria for the comnleted local protection projects on the Merrimack
River, The maximum river stages of record, both uncontrolled and
a8 reduced by the proposed comprehensive reservoir system are shown

on Plates 9 and 13, At North Andover and south Lawrence projects,
the selected grade for the top of the dikes and walls is Elevation
U2,0 feet which vrovides a freeboard of 3 feet above the maximum
stage of the 1936 flood as rediced by the reservoirs, At the west
Lawrence project, the top of earth dike and concrete wall will be
malntained at Elevation 5R,0'vhich is the grade previously esta-
blished for the W P.4. project,. This grade nrovides 4 feet of free-
board above the maximum stage of the 1936 flood as reduced by the
reservoirs, At North Andover and south Lawrence there will be no
velocity of flow since the high stazes in these areas are the re-
ault of backwater from the Merrimack River, and the wave action will
be negligible because the fetch is comparatively small, Additional
freeboard is required at west lawrence because the project borders
the main river channel and comparatively high velocities of flow

are anticivated, It is believed that these freeboard prov181ons

-4~



are adequate allowance for (1) wave action, (2) degree of accuracy

in reach routing from the headwater .tributaries to Lawrence and (3)
-cffective protection against design flood until such time as the com-
nrehensive reservoir system is completed.

- B¢ Hydrology,~ (See Appendix "A" for complete hydrological
&nalysis.5

a., North Andover.~ 4 2H~inch drain discharging into the
Showsheen River and a 2b-inch trunk sewer that extends to the Merrimack
River are located in the area affected by the proposed flood wall, (Sec
Plate 5.) The 2l4-inch drain with a discharge capacity of 20 ¢.f.s,
serves a drainage area of 65 acres, An area of 13 acres between Magsa-
chusetts Avenue and the flood wall on the west will be provided with
new drains and catchbasins, The 2i~inch sanitary trunk sewer, with a
capacity of 6 c,f+8, serves a comparatively small area at present, dut
was installed for the purpose of serving 1.5 square miles of North
Andover, if the development of the town warranted its extension, I%
is proposed to construet a pumping stabtion east of Massachusetts Avenue
as ar integral part of the concrete flood wall to pump the sanitary
sewage and storm runw-off into the Shawsheen River during high river
stages, DBesults of hydrologic studies of past records indicate that
it is very improbable that heavy rainfall and flood stages will ccour
concurrently, and it is propesed to provide pumps with a total capa-
oity of only 36 c.fes, which is the capacity of the existing and prow-
posed drainage systems plus the maximum estimated sewage flow in the
sewerage system, Storm run~off that excceds the capacity of the drain-
age system will be discharged through gated emergency outlets through
the flood wall during mornal river stages, or will be ftemporarily
ponded in the low dump area back of the flood wall during high river
stages, :

b. South Lawrence.~ A Sl-inch diameter brick sewer flow-
ing north in Oggood Street, serves as a trunk outlet for both sanitary
sewage and storm drainage in Areas "0V and "D" and for sanitary sewage
from Area "E" (Plate %,). The drainage areas are as follows?

Ares M"CM o L0 acres
Area "D' . 160 acres
Area "BY . 104 acres
Total Area e 304 acres

Area "O" is the lov area inclosed by the proposed dike and is the
approximate 1imit of the section inundated during the past floods,
Arecas "D" and "E" are at higher clevations and are not subject to
flooding except during extreme high floods., The discharge capacities
of tho existing sewers and drains in &rea "C" are approximately 28
cefys., compared with a computed discheorse of 48 cefes, based on a 30
minute rainfall for a ten-year frequency. Due to the limited capacity
of the existing sewers, a new drainege interceptor with gated smergency
outlets through the concrete wall to the Shawsheen River will be provided .

=5



to prevent ponding in the low area in the Southern portion of the
protected area during normal river stages. The capacity of the

K4-inch trunk sewer is approximately 100 c.f.s. On the basis of fre-
guency studies of Merrimack River flows, (Plate 10), it is expected
that pumping will be required once every 12 years in Area "C%, but in
Areas "DY and "E", i% is anticipated that pumping wlll be required only
once in 110 yeasrs. Hew pipes and control facilities will be provided
to take advantage of the difference in ground elevation and the prob-
ability of pumping requirements by separating the flow in Area "CM
‘from "D and "EY, It is proposed to provide pumps with a total capacity
of 35 c¢.f,s. The maximum design pumping head will be approximately

25 feeb. '

c. West Lawrence.- A hydrological analysis is not re-
quired for west Lawrence, The area is served by a combination sewer-
age and drainage system that discharges into the Merrimack River
dovnstream from the Yssex Dam, and consequently, is unaffected by
backwater, During the inltiation of the project, the City of Lawrence
installed new drains in the area inside and adjacent to the dike to
previat local ponding. The construction of the dike and wall does
not effect the present sewerage and drainage systems, and consequently,
interceptors and a pumping station are not necessary, A ftoe drain '
will be included to intercept subsurface seepage during flood stages,
with the flow discharging into the combination sewer system. :

6. Engineering Design.-

a., Burveys.- A topographic survey was made of the Horth
Andover flood area which included the immediate northeast vank of
the Shawsheen River, its primary flood plain or "bobtom land" and
the northeast valley wall, together with lond immediately adjacent
to the top of the bank, Topographic data for the south and west
Lawrence flood area sites were obtalned from plans based on surveys
made by the City of Lawrence in comnection with the proposed W.P.A,
projects for flood protection for these areas which were prepared
gseveral years ago. Additional information concerning the west
Lawrence dike was obtained by a topographical survey to determine
the scope of the work required to extend and complete the project
initiated by the W.P.A. in 1930. These data are considered satis-
factory for preliminary planning of the structures now proposed.
Congsiderable use was made also of aerial photographs for location
of topographical features and buildings in all areas.

b. TFoundation Fxploration,-

(1) North Andover and South Lawrence.- The founda-
tion arees for the propossd dikes and retaining walls were explored
by three (3) drill holes and thirty-eight (38) auger borings, Over-
burden exposures were inspected and local residents questioned re-
garding soil conditions, The location of the explorations are shown

- 6 -



‘on Plate 5 and the logs of borings taken at Nérth Andover and south _
Lawrence are included on Plate 7. In goneral both projects are located
on the top of the banks forming the valley wells of the Shawgheen River,
The banks are covered over large areas by a surficial deposit of :
rufbish fiom ond foot tb se¥bral feet in depth, There are three large
rubbigh and ash dutlps afd the extent of these is shown on Plate 5, - _
In gsneral, thege dumps were:constructed By ehd ‘dumping from the original
valley walls,, thus they extend in depth to the elevation of the present
river flood plain, Beneath the rubbigh fillsy stratified sands and

" gllte with some gravel phases extend to depths of 30 to 50 feet below
the river fleod plain, 3Bedrock, a granite gnelss, was encountered at -
drill hole Dl -at a depth of 27.5 feet below the river flood plain. The
-rubbish and ash f£ill is exceedingly non-uniform but very pervious, while

" the underlying natural depoeits have coefficients of permeability as
determined from remoulded sampless as followad

Range of Coef,

. Boil S Of Permeghility cm. pexr sec.
Clean Sands and Ly
Gravelly Sands 107 %o 107

81i1ts ‘ 10D to 107

(2) West Lawrence.~ The foundation areas for the
proposed dikes and retaining wall were explored by five (5) drill holes
 and six (6) test trenches. Overburden exposures were inspected, The
dike aongtruction carried out by the W.P,A, was observed and tested for
compaction and permeability., The locations and logs of the drill hole
explorations made ave shown on Flate 12, In general, the existing
portion of the dike constriucted by the W,P,A. and the uhconstructed
portion of the dike to fhe southwest corner of O'Sullivan Park are and
will be founded upon a deposit of loose sand with variable fine and
coarse phasés and occasional pockets of clayey silt. The £ill encountered
at the ground surface in drill holes DLl and 3 1s the existing W.P,A, om-
bankment, In the area of the concrete dike and the earth dike to the -
northeast, a deposit varying from 5' to 15' of £ill was encountered in
drill holes D2, D4, 'and D5, The fill is very variable and typical of
unagsorted rubblsh, ash and earth fille., Beneath the fill, fine sand
Was encountered with variable fine and coarse phases, Bedrock at the
site 1g believed to be at conslderable depths but is outoropping on
the gouth bank of the Merrimack River opposite the dike. The W.P.A,
congbtructed the existing portion of the earth dike using predominately
a falrly pervicus silty sand and gravel obtained as stripping from’a
glacial gravel deposit. A small portion of the dike at the northeast
end of the ‘constructed portion was built of an impervious, well graded
clayoy send and gravel (glacial $111). The toe trench was censtructed
- partly of washed gravel screenings 2% to 3" in size and partly of clean
sandy gravel. The coefficients of permeability of the various soils
encountered in the drill holes and used for congtruction are as

-T=



follows:

Goafficienf of Permeability

Material ’ | ch, ey sec,
_ Fine sand foundation of dike. . 8lto 24 x 107%

811ty send and gravel embank—
ment fill as placed by W,Phg._ 6 to 40 x 19"4

Well graded clayey sand and _
gravel £ill as placed by WP.d. .6 x 1074

¢» Description of Walls and Dikes.~ (1) North indover,~The

protective structures for the North Andover area include an earth dike
approximately 750! in length, and a reinforced concrete flood wall ap-
proximately 2300' in length., The earth dike will, border the east line
of Tlmwood Street starting from existing ground elevation 42,0 and
extending southwesterly approximately 350' to the end of the street
where it will make a right angle and continue approximately 400! north-
west to join the end of the proposed reinforced concrete flood wall.
Space limitations prevent extension of the earth dike seetion beyond its
Juncture with the proposed concrete wall., The concrete wall will extend.
northwesterly along the top of the valley bank for approximately 1150!
then angle northeast, crossing Massachusetts Avenue and extending along
the top of the bank %o meet the existing grade at elevation 42,05 The
concrete wall is designed as a modified T section which will be of con-
stant cross section throughout its entire length, For basis of design.
it 1s assumed that the flood stage is at the top of the wall (Elevation
42,0), The earth work supplementing the wall is varied to meet three
different types of ground conditions. These three general types of
‘ground condltlons encountered at different places under the wall site
are (1) existing ash and rubbish £ill up to 14! in depth, (2) a com~
pacted earth section built across a low area, and (3) firm existing
natural. ground, Where conditions (1) and (2) are encountered, the wall
is to be constructed on 4 core of compacted impervious material extend~
ing vertically down through the pervious materials and into firm exist-
ing natural soil to a depth of at least 3 feet, Throughout the entire
“length of the concrete wall and of the earth dilke, prdvision has been
nade for drain lines to receive and carry off surface drainage and.
seepage. A removable bulkhead to close the MaSSachusetts Avenue open—
ing in times of flood, and facilities for storing the bulkhead when not
in use will be prov1ded Plans and typlcal sections of the reinforced
concrete flood wall and of the earth dike are shown on Plates Fos, 5
and 6,. Channel. changes in the existing channel of the Shawsheen River
are contemplated to eliminate the possibility of riparian erosion which
might undermine the proposed flood wall, This work will involve the
construction of approximetely 800 lineal feet of new channel including
the excavation of spproximately 11,000 cubic yards of earth from thls new
channel and placing it %o flll the abandoned channel,



(2) South lawrence.- The proposed gyston of protectiVa
structures in the south: Lawrence atea includes an earth dike approxi~
mately 570 feet in. 1ength and a reinforced concrete flood wall of vary-
ing crods section, appreximately 3250 feet in length, The earth dike
will extend from éxisting ground elevation 42,0 near Shawsheen Boad -
northeasterly along the top of the valley bank to Loring Street where
a concrete retaining wall parallel to the street line will retain the
earth section, A removeble bulkhead to close the Loring Street open-
ing during poriods of flood, and facilities for storing the bulkhead
when not in use will be provided, A reinforeed concrete flood wall, -
starting at the north line of Loring Street, will extend northeasterly
along the top of the valley bank and the east slde of Shawsheen Road
to tho south righteof-way line of the Boston and Maine Rallroad ond
then extends wesbterly along the north line of Portland Street ending
near Opgood Street. The wall will be reinforced concrete designed
in the form of a modified T section which will vary in section with
the height of the wall required to make the wniform top elevation 42,0,
It i planned to install drain lines to carry off surface drainage and
seepage throughout the length of the wall and dike, excepting the
Portland Street section.  The presence of an existing street drain
along Portlend Street mpkes the construction of additional drainage
facilitieg unnecessary.

(3) ¥est lawrence.- The W.P.A. project initiated in

1940 planned for 2300 feet of earth dike and about 725 feet of concrete

- walls, Approximately 1000 feet of the dike were finished according to
the plans. The remaining 1300 feet is in various stages of completion.

" Work was not started on the proposed section of the concrete-wall, For
the partially completed 1300 feot section of earth dike, it will be
negessary to provide riprep for the protection of bthe river side of the
dike; to install an extension of a toe drain on the land side for
intercepting seepage flowjand to place topsoil and seed the dike, Bome
additional £ill and regrading will be reduired for sectlons of the dike
where the impervious £ill had been placed but not shaped into the final
oross section. A concrete wall will be constructed along the river bank -
at the 0'Sullivan Park in order not to restrict the use of the Park and
also for the more favorable appearance of the wall compared with the

-sarth dike. The wall will be a modified T section similar %o the pro-
posed design for North #ndover and south lawrence., The dumped and £il11
naterial will be excavated in the wall foundation aree and repleced
with a compacted Jmpervious materigl. The test borings indicate that
the depth of this f11l material averages between & to 12 feot., A geepage

- trench conslsting of an open joint vitrified tile draln in a trénch

~vackfilled with a pervious gravel will be provided for intercepting sub~
surface flows., Bast of the Park o shallow dike will be constructed
similar to the W,P.A. dike. A minimum of 5 feet of £ill will be removed
and baeckfilled with impervious material, A waste plle of discarded city-
owned cobblestones will be availeble for riprapping purposes. Similar
use wag made by.the W.P,A, in the completed portion of the earth dike,

. and axcopt for small areas that have been dgmaged waaﬁonly, the cobble—
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‘stone- riprap apnears to be satlsfactory. It is proposed to repaif thse
.etisting riprap in various sections that have been damaged,

4, Drainage qu Pumping .~

(1) North Andover.~ The existing drains and sewers,

and proposed new.dralns, will be piped to a central pumping station, as
shown on Flate . The. existlng oli-inch drainage outlet discharging into
the Shawsheen River at the Massachusetts Avenue bridge will be plugged
and abandoned, All atorm drainage will be diverted into a new. %6-inch
drain and, normally, this flow will pass through the pumping station
and. discharve by gravity through a hE—inch outlet into the Shawsheen
River., The site of the pumping stntion ig selected to take advantage
of the line of the existing outfall sewer snd the necessity of combinlng
the existing dralnage system with the proposed drains to provide a
. single outlet, The sowage and drainage flows will be diverted into the

suction condult of the pumping station during flood stages, and pumped
" into the 4o~inch outlet to the river. A preliminary layout of the pro-
posed pumping station is shown on Flate 64, Consideration and study
have been giveon to the characteristics and cost of various types of
pumps in order to satisfy the numping requirements outlined in Para-
zraph 1 (g) of Appendix "AY, It is desirable to have pumps with a
wide range of operating flexibility to meet the anticipated variable
inflows from sewage and drainsge which may range from 1 to 36 CofaB,
As a rosuly of this study, it is considered essential to provide pumips
of the Following capacities and power units!

1 = 6 cufus, nonaclogging centrifugal purp with
‘ © electric motor Arive.

2 ~15 c,f;s. fixéﬁ blade‘proneller pumps with
T gnsoline engine drives.

The nreliminarv investigntions conducted by’ thls office indicate thwt
the avnilable sourte of electric power is uareliable and camnot be main-
tained during critical flood poriods. The utility sub-station, which
serves Lawrence and North Andover, is located on the bank of the
Merrimack River in Lawrences It was flooded in the 1936 flood and was
nearly inundated again during the 1938 flood, The operating room floor
of the station is at approximately the same elevation as the stage of
the 1936 flood as redncel by the comprechensive rese¥voir system, It is,
. therefore, proposed to use gasoline engine drives for the large propeller
punps, The nonéclogging centrifugal pump whose prime function is %o
pump sewnge and a small runoff against low river stages will be

equipned with a 'float valve controlled clectric motor drive._ An 18-inch
return line, controlled by a gate valve operated from the pump room
floor, will be installed to obtain flexibility of pump operation and

to snable the testing of pumps by rocirculation of the discharge, Adw
ditional range in dischargze may be obtained by operating the gasoline
engines at variable speeds, The uge of the return line and operation

at variable speeds will, undoubtedly, sacrifice some of the pump's
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efficiency, bubt, hecause of the infreguent use of the pumps, it is be-
lieved that flexibility of ‘operation to satisfy the many possidle
conditions of sewage ond storm run-cff is a more esseantial criteria
than pump efficlency and economy of operation. Considsration has been
ziven to the possibility of using adjustable blade propeller pumps to
obtain the desired ranze in pumping capaclity, bub 1t was concluded that
nis type of pump wasg not warranted due Lo the greater cost, snd the
additional mechanism to he maintained in operating condiftion by the
mundcinality.

{2) South Lawrence.- (a) The existing and proposed
sewerage and drainaze system for Aveas "GV sad "DY is sghown or Plate 5.
Sewerage in the existing combinstion sewers in Salem, Greenfield, Marked
and Portland Streeis, Area "CW, flows westerly to the Bi-inch trunk
gsewer on Osgood Street. The proposed system, consisting of (1) existing
combination sewers; (2} relief outlets through the concrete flood wall
in the low section on the south side of Area *CM; (3) interceptor
sewers oz Loriny and Osgood Sitreebs, connecting the existing sewers
on Salem, Greenfield, Market and Fortland Streets, and the proposed
drains and sewers along the flood walls and dikes with the proposed
pumping stationy and (%) a control chamber on Osgood Street to pre-
vent backwater im Ares "D¥; is desizned %@ meet the following require-
ments’

1. Bliminate ponding of run-ofi in Aren "C" re-
sulting from the construction of the concrete wall. The capacity of the
proposed system is not large enough to handle run—off from eavy rain-
fall usually occurring prior to Tiocod stages, #the run-oif which would
norn::3ly flow overland to the Shawsheen River will be collectad by the
drainzsge interceptor adjacent tc the concrete wall and be discharged
through the relicf outlets. Plap gabes will be instalied on the relief
outlets to prevent backwata from entering the protected area during
flood stages,

2, Discharge the surfnece run-off and seepage inter-
copted by the flood walls and dikes in Arvea "C¥, During river stages
below Tl. 29.0' discharges will not be admittoed to the pumping stubion
but will flow directly to the BB trunk sewer, During river stages
above Bl, 29.0', flow will be admitted o the pumping station and dis-
charged to the control chamber on the trunk sewer. Gate valves will
be providsd to prevent backwater from entering the existing sewers
on Salem and Greenfield Streets and to reverse the flow in these .
sewers to the interceptor on Loring Street.

3, Diversion of the sewage and nominal drainage
discharge from Areas "DV and Yd", to the pumping station for river
stages above Hl, 34,0', When protection is required for Ares 'C"
during flood stages, a gate will be closed to prevent discharge into
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the Sb-ineh sewer, and the flow will be diverted to the pusaping
stabion. The pumping statlon discharge will be earried in 2 4o-inch,
- conduit to control chamber on the Hl-inch trunk main. When pro-
pection is necessary for both Areas "IV and D" during higher flood
stoges, a gate located on the Fliwinch main in the control chamber
will be closed, the gate at the enitrance of the pumping station
will be opened and the discharge from all iaflow pipes will be
diverted to the pumping station. The discharge from the pumping
station will be carried through the HP-inch discharge conduilt back
to the HU-inch main, Compubations show that with all tiaree pumps
operating during higzh river stages, there is a drop of one foot in
the hydraulic gradient due to frictional losses from the ounping
station to the Merrimack River., If the flood stage reached eleva-
tion 40.0 (2 feet velow top of the weil) water level at the pump-
inz station would be about elevation 41.0. Due to the drop in
grodient, it will be necessary to reconssruct the top of three
existing manholes to make them watertight under the head created
by backwater and pumping. & preliminary layout of the proposed con-
trol chamber and pumping station is shown on Plate 6a. The site
geloctod For the Humplng station ig o vacant lot located advon-
taeously to the existing and proposed sewers.

(B) It is proposed to provide pumps of the
following capacities and power unite for the Iawrence pumpiag station:

1~ K e,fos. son-clogzing centrifugal pump with
electric motor drive. _

2 - 15 c.f.8. fixed Dblade propeller pumps with
gascline engine drives,

The selsction of gasoline engine driven propeller pumps and an electric
motor driven centrifugeal punp for soubth lawreace is based on the same
considerationg that governed the selection of pumps for the Forth
Andover uroject. Sufficient flexibility of operation can be obtained
by the installation of an ls-inch retwrn line controlled by a gate
valve and by operation of the gasoline engines at variable speeds. The
preoposed pumps will have a total capacity of approximately one-third
(1/3) the discharge capacity of the combination K4-inch trunk sewer.
The installsation of pumps and stand~by units to provide for the
canacity of the trumk goewer would incrense the cost of the Lawrence
project by approxzimasely $50,000. It is considered that the benefits
obtained by this additional protection do not Jjustify the insurance
girce the chances are extremely remote that a storm of high intensity
will occur simulbeneously with high floed stages, In terms of proba-
bility (Placse 10), it would require & storm with a magnitude to be
expected once in one (1) year oceurring concurrently with a flood

stage to be expocted once in one hundred (1(0) years, If a storm which
produced run-off in excess of the pumping capacity did take place during
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flood stages, the result would be surface storage in low areas and a
few flooded cellars in Areas "D" from backwater in the sewers. The
duration of these conditions would be short without serious inconven-
ience to the affeoted areas, It is coneluded that the 35 c.f.s. is
the theoretical practicable capecity of the pumping units.

e, Alternate Protective Flans Considered.- Two other
schemes for the protection of these areus have been considered but
neither have appeared Yo be economical, . Brief descriptions of the
rlans considered are outlined in the following paragraphs:

(1) Construct an earth dam aeross the Shawsheen River
Just upstream from the Boston & Maine Railroad bridge. 0On the aerial
photoraph (Plate 3) this site would be approximately a straipght line
extension of the dike along the side of Portland Street, Gated cone
duitg would permit ordinary discharges to flow normaily to the
Herrimaclk River., During flood stages the gates would be c¢losed and
"the flow in the Shawsheen River would be pumped ageinst the flood
stage of the Merrimack River, As it 1is possible that the flood {flow
of the Shawsheen River would synchronize with the flood crest on the
Merrimuck River, it would be necessary to provide pumping capacity
of approximately 1500 ¢+f.s. The cost of the pumping statien and
equipment alone exceeds the entire cost of the recommended project.
In addition to.this large pumping plant, it would be necessary also
to have pumping stotions to (1) dispose of the sewage from the
North Andover section, and (2) prevent backwater and flooding in the
Jowrence section from the trunk sewer outlet.

(2) The second plan to eliminate the cost of pump-
ing the flow in the Shawsheen River, was the construction of two dams
across the Shawsheen, one located as deseribed in the preceding plan,
and the second located upstream about opposite Elmwood Avenuc in
North Andover., These two dams would be connected by o conduit suf-
ficient in size to corry the flood discharges of the Shawsheen River.
A small pumping plant would be required to dispose of the local
sewage and drainope. The cost of this plan gro oatly exceeds the pro-
posed syston of dlkes and walls.

_ 7. Cost Egtimate.- The cstimated costs of the local protection
projects for flood control at North Andover and south and west Lawrencs
ere o follows:

Vi

S North Andover .-

Woll snd dike ' $185, 800
Pumping Station and drains. 67,500
Channel realignment © 5,400

Subtota-l.luiuliooono-uoq-cu!l--- $2§8,706

Enginecring, Inspection, Overhead
and Contingencios (25%)scvcresssee 64,700
Total construction costseessves $323,400
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b. South Lawrence.-~
L Wall and dike $136,200
Pumping Station and drains ) 'SEQE%Q;“"
BUbtotal. cveeerennononerngorsaeas $221L,600
Engineoring, Inspection. Qver- \
head and Contingencies {25%),,v...e0 55,400
Total construction costa..f,..... $277,000

Co West Lawrence.

Wall and dike $ 41,800
Engineering, Ingpection, Overhead '
and Contingencles (25%) e snevennnnnes _10:450

Total construction costseseee...o $ 52,250

& Total Estimated Cogti~ (3 sections) $652,650
' (For itemized analysis of cost estimates,
se6 Appendiceg B, C and D),

8 Benéfitg of Projéctgav

8y Methods of Analxglg. Reference is madé to Section "BY,
"Data for Bconomic Justificabtion®s in "Appendix to Accompany Survey
Report for Favigation, Flood Control and Water Power, Merrimack River,
Magsachusotts and New Hampshire" submitted by this officeé, dated 1
April 1940, Section "B" described in detail the methods uged in the
economic analysls of flocd control reservolirs based on direct and in~-
direct flood losses. The same method applies to the economic analysis
of local protection projects. -

be Determination of Benefits.~ The perosed local £lood
kprotection works wlll supplement the effectiveness of flood protect-
ion provided at the damage centers by the upstream resexrvoirs and will
increase the total benefits acoruing to the comprehensive flood control
program. The additional benefits resulting from the local protection
projects have been evaluated and totalled with the benefits secured
from the balance of the comprehensive flood control program to determine
the economic Justification for the proposed work. The prqposed dikes
and wallg have been found to provide the most economical means of sup-
plemental flood protection for North Andover and Lawrence, In addition
to providing protection from floods, it is believed that the proposed
project will be very benefielal to the general welfare of the comminity
by promoting developmont of the low areas and enhancing property values.
""The costs and henefits involved in the comprehensive flood control '
program are summarized in the following tabulationi
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(1)

(2)

(3)

N

Summary of Benefits and Oosts

Construction Costgs

(a) ILocal protection projects
North Andover .e...s.ese $323,4%00.
South Lawrence ...,svs. 2775000

Wost Lowrence .....e. 25250,
SUDBOLAL  vevsererannensens® 652,650,
Other p'rojects"' ver et ThaunTenen 6601500.
(b) Flood Control Reservoirs*........ 6951,000.

Total Oongbruction Costs.ves,. $184300,150,

Annual Carrying Charges:

(a) Local protection projects
" North Andover ........ $ 13,880.
South Lawrence ........ 119880,
" West Lawrence +....vev - _29300. '
Subtotal- TR RN I $ 28.060.
- Other projects™.vicessaresscve- 35, THO,

() Plood Uontrol Reservoirs** 788,970,
Total Annual Garrying-ﬂharges' $'852,770,_

Total Anmial Benefitg:

Based on comprehensive flood cone
trol program, including regervoirs
and local Protecti On._'- AR LA $l’060|5000

Batio of Annugl Benefits to

Annual Carxying Charges? _ 1,2k

" inclndea completed local protection at LoWell,
Megsachusetts and proposed project at Nashua,
New Hampshire, : '

*% Includes completed regervoirs at Franklin Falls
and Blackwater, and proposed reservoirs at Ben-
nington, Beards Brook, West Peterboro, and
Mountain Brook.

9gl Liocal Gqﬁpération.~

R Views of Tocal Intorests.~ The proposed projects have

been discussed in a joint meeting on § March 1944 with the officials of
Worth Andover and Lawrence in order to determine the attitude and local
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interest of the affected commnities. The Lawrence projects weré pree- ..
viously initiated and sponsored by the City as a W.P.A. project and -
the proposition that the flood control protection measures might be
completed during a postewar construction program was favored by the
Mayor and the City Council. The contemplated W.P.A. flood control
projects in Lawrence in 1939 caused coneideradle agitation in North
Andover for similar projects for edual protection. Consequentlys’ the
Board of Delectmen of North Andover indlcated their interest and desire
for the proposed project, Both municipalities expressed the urgeney
for flood protection to eliminate further repetition of flood damages
that have occurred during the past ten (10) years. - '

b. Bxztent of Local Cooperation Required.~ In accordance
with Section 3 of the Flood Control Act, approved 22 June 1936, the
local municipalities will be required to furnish all lands, easements,
and rights—of-way necegsary for the construction of the project. The
egtimated coste Yo local interests for these items is $10,000-for North
Andovery $5000'for aouth Lawrence and $H000 for west Lawrence.

&» hssurance of Local Cooperation.~ The City of Lawrence,
by official action of the COity Counocil and the Mayor on 13 March 1944,

and the Town of North Andover in a specilal town meeting held 27 March
1944, have furnished the necessary assurance that the municipalities
will (1) furnish without cost to the United States, all lands, eage~
rents, and rights-of-way necegsary for the project; {2) hold and save

the United States free from all claims for damages due to the work;

and (3) maintain and operate the project without expense to the

United States, in accordance with regulations prescribed by the Secrebary
of War. Photostat copies of the resolutions adopted by Lawrence and
North Andover are attached as Appendices "F" and fG%, '

10, Time Eeduired for Goqurucfion,w It is estiqated'that the
projects proposed herein can be completed in one construction season,

11, BRecommendabtion.~ It is recommended that the local flood
protection works: proposed herein, at an egtimated cost to the United -
States of $652.650 be selected as o definite project Yo supplement the
comprehensive plan for reservolrs and related fleood control works for
the Merrimack River Basin as authorized by the Flood Control Acts of
1936 and 1938, . o

_ HOMER B. PEITIT
Oolonel, Corps of Engineers
Digtrict Bagineer -
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LPPENDIZ "A®

HYDROLOGY OF THE DRATNAGE AREAS

1. North Andover.-

a, Drainage Aream.~ The total area that normally
drains into the Shawsheen River throughthe section to be pro-
tocted consists of 78 acres, approximately 2/3 rogsidential de-
valopment and the remaindsr consisting of a gravel pit and farm-
land. The land slopss uniformly from approximately Elevation
80 at Railroad Avenue (Plate 8) to approximately Elevation 30
along the top of the hahk at the Shawsheen River. The drainape
area is divided into two sub-areas "A" and "B" for the purpose
of analysis, Area "AY (13 acres) is the section bordered by
Massachusetts Avenue and the proposed flood wall south of the
Avenue. Most of the present surface drainage in this area is
overland teo the Shawsheen River without any underground drain-
age system. It will be necessary to install a drainage system
for this area as shown on Plate 5 to carry off the storm
water that will be intercepted by the dike and wall. Sub-
drainage also will bo provided. Area "B' (65 acres) is the
remainder of the drainage area lying north of HMassachuselts
Avenue, and except for the Gravel pit and cultivated sections,
the area has a drainage system of cabehbasins and drains that
combineg and ultimately discharpge under the Massachusetts Avenue
bridge into the Shawsheen River. The existing drains vary in
size from 8" to 24" with & total computed capacity of about
20 ¢ofeg. discharging under maximwn surcharpge cenditions. Any
fubure developnent of the farm and gravel pit sections in Area
"B, with corresponding extensions of the drainage system, will
not necessarily augmont tho pumping requirements becausc the
surface run~off can be discharged directly into the Shawsheen
River. _

Surface run-off exceeding the capacity of the drainage
syabem in Area "B" will accumulate in the low ares on Hassachu-
sebbs Avenuo at the intsrsection of HMiddlesax Street, and then
flow overland on Beechwood 3treet and through the dump area
to the Shawsheen River. The proposed dike will obstruct this
natural ocutlet for excessive storm runoff and will requirs
outlets through the wall to prevent pending.

b. Sewaraga.- The entire ssction (Areas "A" and "B"),
with the éiception"%f a fow isolated residences, has a separate
sanitury dewerage syston. 4 24~inch trunk sowor along ‘the east
side of the Shawsheon River inlercepts the street sewers and
carries the gowage ‘bto tho Herrimack River. The 24«inch trunk sewer
oxtends south on Massachusetts Avenue only as far as Beschwood
Straeet. If Worth Andover develops sufficiently, the trunk

sewer will be oxbtonded west on Beechwood Street’ to the Shawshcen
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River and then south alon; the east banlt of the river,
Approximately 1.5 square miles of North Andover would be served
by this sewsr if such an extension were required, The capacity
of the exisbing 24w-inch sewer is 6 c¢.f.s. which is adequate for
the ultimate scheme, and is more than required for the present
development of the town. The estimated rate of sewage flow
based on the present population with reasonabls assumption
of. growth is as follows;

Population * 20 persons psr acre

Daily Discharge = 100 gallons per capita

Load Factor (rating of waximum to average flow) = 3

The average flow, based on theose assumptions, is aboub 0.24
c.fe8. with a maximum rate of {low of about 0.72 c.f.s.

¢. Storm Rainfall.- The rainfall inbensity data at
Boston, Mass., for various durabions and frequencies were used
for this study sinece the rainfall records for Lawrence or
North Andover are net suitable for use as maximum precipita-
tion rates for storms of comparatively short duration. The
curves (Plate 11 A) were prepared by Charles W, Sherman and
published in the A(8.C,E. Transaction 1931, p. 951, vol. 95,
The curves for the 1 and 2 year frequencies have heen revised
to include the rainfall data for the years 1929 to 1944 by
Fay, Spofford, and Thorndike, Engineers, Boston. The rain-
fall intensity was checked and found to be slightly less than
the data prepared by David L. Yarnell and published in the
United States Department of Agriculture Publication Wo. Z204.
The hydrological analyses of these two sites are based on
rainfall rates for 15, 30 and 60 minute durations for wvarious
frequencies in years,

The time of c¢oncenbtration was obtained to debermine the
required duration of rainfall intensity to produce the maximum
discharge, and was compubed by assuming an averapge velocity
of flow frem the most dlstaut part of the drainage ares to
the pumping station by measuring the distances along either
existing or proposed drain lines. The computed time of con-
centration for Area "A" is 15 minutes and for Area "B" the
tine is 30 minutes. The 15 minute rainfall intensities were
used for determining the required size of drains in Area "AM
and 30 minute intensities were used for determining the
th. oretical pumping capacity from the total area. The maximum
rai fall in inches per hour for various frequencies are tabu-
latod below: '

 ~AL-



Frequency 15~Minute 30-Minute

In Yoears Dura@igg Duratigg
1 1,9 1.3
2 2.2 1.5
5 2.8 1.9
10 Sed 2ok
2b 4,4 3.0

d. Storm Run-off«~ The storm run-off was Dlased on
the Rational TFormuia Q = GlA, in which

Q = Run=off in c.f.s.

C = Coefficilent, dependent on the soil
conditions and characteristics of
the topopgraphy, expressing the
ratio of the rate of run-off to
the rate of rainfall,

I = The maximuwn average intensity of
rainfall over the entire drainage
area, in inches per hour, which may
ceeur during the time of concen-
tration. _

Drainage area in acres.

1 o

1t

A

~ An average value of 0,50 for the coefficient "C" was
selected for the residential areas because of the difficulties
in obtalning accurate data on the types, slopes, and relative
in,ervicusness of the different surfaces and the unceriainties
of the future developmeni of the area. Ten acres of Arca "BY
consist of open fields and a large gravel pit., The pit is
excavated below the surrouading grade and collects the runoff-
from the surrounding area. The selected coefficisnt of run-
off for this section is 0,10. Using these arbitrary cocefficients,
the value of "C" for Area "A" (13 acres) is 0.50, and for Areas
A" and "B" combined is 0.45.

The theoretical amount of storm run-off to be provided
for was computed from the preceding data and is summarizod as
follows:

AI'G& I!A" Areas liAII & 'IIBH

(15-MInute Duration) (30~Hinute Duration)
Fraguency: Rainfall Rate: Storm run- Rainfall Rate; Storm run-
in Years : in iqL/hr. : of f cof.s, in in./hr. : off c.f.8,

1 1.9 12.4 1.3 45.6

2 2.8 14,4 1.5 56,2

5 2.8 18.2 1.9 7042

10 . 3ok 22.1 2.4 84.5

25 4.4 2848 3,0 105.5
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Consideration was given to other accepted methods of com~
puting surface run-off such as the Burkli-Ziegler Formula
and the synthetiec unit hydrograph, but due to the nature and
size of the drainage area and the lack of basic daba, it was
concluded that the Rational Formula was the most applicable.

o, Saopage,« A seepage allowance of .000) c.f.s.
per linear foot per 10 feet of head is provided as a resuly
of the subsurface explorations at the site and an analysis
of the material encountered. This allowance results in a total
sespage flow of about 1/4 cetes. at North Andover.

f. Capacity and Design of Proposed Drains.- The exist-
iy drainape system in Area VBT a8 4 Capaciby of approxi-
mately 20 ¢.f.8. which, for 65 acres and a run-ofl coefficient
of 0,5 is theoretically adequate for a rainfall of about 0.6
inches per hour. Xxcess storm run-off will result in either,
0. a combination of, surface storage or overland flow to the
Shawsheen River throush Area "AM. The drainage sygtem in
Area "AM is designed Lo ha ve emergency outlets.with flap
gates in Lhe flood walls to prevent ponding at the walls, and
with drain interceptors bte discharge the normal surface run-
of £ when the flap pates are closed by the backwater head.

The proposed drain intercepbor in Area "A® varying in
size from 12 to 24 inches will have a capacity of 12 c.f.s.
This proposal intercaptor, in conjunction with the emergency
ovublets to the Shawshoen River, will discharge all surface
run-off from Area "A" and excoss run-off from Area YB" occur-
ing simultansously with flood stapes below elevatlon 3% feet
(approximate, low ground elevation). Above elovation 33 the
emergoncy outlets become incperative limiting bhe runoff
discharge to the full capacity of the proposed interceptor
which is equivaleont to a rainfall intensity of a one year
frequency ocouring simultaneously with a flood stage of a
70 yeoar or greater freqnency. In the event rainfall of
greater intensity occurred simultancously with flood stage
at elevatlon 33 or above temporary localized ponding would
result which would cause some incouvenience in limited areas
without causing material damage. The simultansous occurence
of these rainfall and flood stage conditions is extromely
romote and greatly excoeeds actual condlitions of record as
i~ lustratod on Plate 11.

The drain interceptor will commenco at Elmwood Strest
ad extend north~westerly along the flood wall to Comnonwealth
&. mug, then I'low northeasterly in Commonwealth Avenue and
cowbine with the existing 24" drain in Massachusetts Avonus.
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The existing drain extends along Massachusetts Avenue and
discharges into the Shawsheen River at the highway bridge. 1t
is proposed to abandon this out-fall and to install a 36
inch drain from the point of intersection of the two 24 inch
drains to the site of the puwnaping station and thence to the
Shawsheen River.

The total capacity of the drainape system from Areas
AY and "B", including local drainage in the vicinity of the
punping station, is approzimately 34 c.f.s., Drain capacitios
are computed on the assuuption that the drains are flowing
full and under a surcharge head with the maximum wator surs-
face slevabion at bthe ground level, and using a value of "n"
in Kutter!s formuala equal to 0,015, The layout of the pro-
posed drainage system for Area "AY; its combination with the
drainage system in Arca "B"; the location of the pumping
statlon; and the point of dischargs to the Shawshesn River,
are shown on Plabe 5,

g. Pumping Reguirsments.- The total inflow cap-
cuity to the pumping stotion i approximately 36 c.f.s.,
including 2 c.f.s. for sanitary sewage. Tho range in the in-
flows that may be anticipated vary from ths normesl sowsga
discharge of less thaa 1 c.f.8. to this maximum flow with
storm ruan~-off ef 36 c¢.f.s. The pumpiag head, produced by
the river flood stages, ig also variable depending on the
magnitude of the flood at the time of a storm run-ofl
produsing roinfall.

4 study {(S8ea Plate 11D) was mode to dobtermine the max-
imum river sbage abt North Andover vorsus the maxilmum storm
run~of £ from Aross "A'" and "B", Sessonal.frequemcy curvos
warce propared as follows: (1) Linximum 1/2 hour rainfall
intensity in inches per hour at Boston, Mass. hazed on
records for tho period 1905-1940 inels, (ses Plate 11B) and
(2} Maximum river stages at the South Lawrence and North
Andover Projscts based on rocords by itho Bssex Co. atb
Lewronce, Mass,, for the poricd 1849-1938 iacl. (sece Plate
11¢). River stages werc not corrocted for the effect of
existivg and proposed [lood conbtrol reservoirs. The abovoe
curves ware constructed indopendently without any synchronizod
rolationship betwoon moximum roinfall intvonsity cnd maximun
river stage, oxcopt for scasounnl correlation of oach.

Seasonal run-off froquency was determined from plate
i1B for Areas "A" and "B" by assuming that the frequency of
rainfall intensitiss alt Horth Andover were the samo as for
Boston, Mass. Rua=off was dotermined by the Rational Formula
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§ = CIA in which it was assumed that (1) "C" varied from Q.5 dur-
ing the summer season to 0.8 during the winter season, except for
the gravel pit where 'C" was agsumed to be equal to 0.1 for all
seasons, (2) "IV is the maximum 1/2 hour (time of concentration for
Areas "A" and "B") rainfall intensitles obtained from Plate 11B, and
(3) "A" ic the avea equal to 78 acres, The probable seasonal run-
off in c.f.s, for Horth Andover is shown on Plate 11D,

An attempt has been mads o also show on this same Plate 11D
the relation between the storm runoff and the flood stage. This
correlation combines the date summarized on Plates 11B and 110 by
making the assumption that the seasonal rainfall for a given fre-
quency occurred simultaneously with the seasonal flood stage of the
same freguency. For example: the spring runoff from a 10 year freg-
dency rainfall, {rainfall - 0.95 inch per hour, computed ruaeff = L6
e.f.8.) 1s plotted against the spring stage to be expected for a 10
year freguency. It should be emphasized that the simultaneous ocour-
rence of these two factors will not take place in a 10 year frequency
for it is quite improbable thot the intense rainfall will synchronize
with the peak flood stage, If there were no physical relationship
between the rainfall and flood stage the mathematical chances of thelr
occurring simultanecusly for the particular point illustrated would be
once in 9,000 years asusuming the flood stage to have a duration of 24
hours. Undoubtedly, however, there is some meterological correlation
between the storm that produced the flood, and the possibility that the
storm might be of such duration to still produce high intensity rain-
fall concurrent with the flood stage., As the probable frequoncy of
this oceurrence is diffiecult to evoluate, the simplified curves on
Plate 11D which show a coincident occurrenco of flood stage and rain-
f0ll for a given freguency, prosent o very conscrvative 111ustrdt10n
for the regquiremeats of storm woater pumping. :

On the basis of the adbove study, ond of the capacity of exist-
ing and proposed drains, it is propesed tc install pumps with o
total capacity of 36 c.f.s. at river stage 39.0 feet which is the
full capaclty of the drains coincident with the stage of the design
flood. It is proposed to install onc (1) 6 c.f.s. centrifugal pump
to provide for sanitory sownge and smoll rainfall occurring at flood
stage and two (2) 15 c.f.s. propeller pumps to provide for the more
remote pumping reguirements. A pump characteristic capacity curve
plus the discharge through the flap gates is superimposed on Plate
11D which shows that the selected pumps arc sufficicnt to provide
ample protcction. It is believed unnocessary to provide gruater
pumping capacity becausec the.synchronized cccurrence of severe rain-
fall and high flood stage is extremely remote. In the event groater
rainfall intensity or the failure of one pump did ocecur during flood
stage at olevation 34.0 or above, there would be some surface storago
and a few Flooded cellars, bub the duration of these conditions would
be shord, without sericus inconvenionce to the area, Purther dls-
cussion concerning the sclection of pumps is included in paragraph
6 d. (1) of the roport,
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2e¢ LoWrcnes.-

g o 2

a4, Drainagoe Arca,- The hydrologie study of the

deainagze arca .8 governod by the existing sewerage and drainage
systeins which necessitate considering separate sectlons of tho
arog individuslly. A B4-ineh diameter brick sewer in Ospood
Street sorves as a trunk cutlet for both sanitary seowage and
storm drainage in Areas "C" and "D", and for sanitary sewage
from Ares "E' (Plate &), Descripbions of the different areas
arc as follows:

(1) Area "¢" consists of approximately 40 acres
boundaed by the proposed flood wall and QOsgood Street. This
arsa comprises tho major portion flooded by past floods, and
is the area obtaining the direct benefit of the flood wall.
Surface run-off excseding the capacity of the draimge system
will flow overland across Salem Street to the Shawsheen River.
The propesed dike will obstruet the natural drainage for
excassive storm run-off, and will require outlets through the
wall to preveat ponding. Sowerage and drainage problems that
arise are discussed in paragraph 6 d, (2) of the report and
paragraphs 2 f. and 2 g. of this Anpendix, The existing com~
bination sanitary and storm sewers discharging into the 54-ihch
trunk main in Osgood Stroeelt are indieated on Plate 5.

(2) Area "D" consists of 1860 acres and is
analyged ssparately because most of the area is at elevations
aet subject to river flooding. Pumping would be reguired for
th's area only during extromely high flood stages. Sowage
an.: storm drainaze are combined in the same system.

(3} Arvca "B" consists of approximately 104
acres that is above all flood levels. Only sanitary sewags
discharges from this ares into the trunk mains in Area "D"
which eventually discharge through the 5G4-inch outlet to the
‘Herrimack River. Storm rup-off is intercepted by a soparate
system and is discharged into natural stream beds that flow
into the Shawsheen River. All areas, except 0VConnell Park
are fully developed,. ms shown by the aorial photographs,
Plates 2 and 3., The areas arc primarily residential with
some comnercial establishmenbts along the main streets in Areas
"D" and "E", Surface drainags is intorcepted inm all the roads
by a system of catchbasing and discharges into the combina-
tion sanitary and storm sewer. 4 large trunk main, increasing
from 24 Yo b4 iInches, located as shown on Plate 8, Intercepts
the lateral drains and discharges into the Merrimack River.
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b. Scwerage.- Sewage flow from the entire area,
Areas "¢",""D" and "B, discharge into the 54-inch trunk
sewer on Osgood Street, The estimetled rate of sewapge flow
is based on the following assumptions: '

Population &% 30 persons par acro
Daily Discharge = 100 gallons per capita.
~ Load Factor (ratio of maximum to averapge flow} = 3.

The average flow, based on these assumpiions, was computed
to be 1.4 c.f.5. with a maximum rate of flow of about 4.2
Coes,

cs Storm Rainfall.~ The rainfall data used for the
Horth Andover anlaysis and described in paragraph 1 ¢ of the
appendix is applicable to the Lawronce project.

Tha time of concentration was computed to determine the
required duration of rainfoll intensity to produce the maximum
discharge by the method described in paragraph lds The com-
puted time of congentration for Area "C! is 30 minutes and
for Area "D" the time is 60 minutes. Thirty (30) minute
rainfall intensities were used for determining the required
size of drains in Area "C" and 60 minute intensities were
used for debermining theoretical storm run-off from Area
"C" and "D" cowbined. %The time of concentration for Area
"E" was not determined becausc only the sanitary sewage
from that area ls carried in the 54 inch trunk sewer on
Cogood Street,

The maximum reinfall in inches per hour for wvarious frequencies
arc tabulated below: '

Frequency 30~Minute 60-Minute
in Years - Duration Duration
1 1.3 0.8
2 1.5 1.6
] "1.9 1.3
10 2ok 1.6
ad 3.0 200

d. Storm Run~off.-~ The storm run~off was based
on the RatTonal Formuia § = CIA used for the Worth Andover
projoct and deseribed in paragraph 1 d of this. Appendix.

By methods described in the referenced paragraph, coofficient
UM was mssumed to have a wvalue of 0,50 for Area YC" and a
value of 0,70 for Area "DV,
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Tho theorotical amount of storm run-off to be provided
for was computed from above data and is summarized as follows;

Area "“C" Areas Wo" & "p“
(30-Minute Duration 1 Hour Duratiom
Frequency Rainfall Rate Storm Run~ Rainfall Rate 8torm run-
in Years Inches/Hr. off c.f.8, Inohes/ﬁr. off c.f.a,
1 1.3 26 0.8 108
2 1.5 30 1.0 132
] 1.9 33 . 1,3 172
10 Red 48 1.6 211
25 3.0 60 2.0 264

Consideration was given to other accepted methods of computing
surface run~off and it was concluded that the Rational Formula
was the most applicable. (See the discussion of this subject
for North Andover in paragraph 1 d).

e+ Secpage.~ A seepage allowasuce of .O00) c.if.s., per
linear foot per 10 feet of head is provided as a result of
the subsurface explorations at the site and an analysis of
the material encountered. This allowance results in a total
seapage low of about 0.5 c.f.s5. at Lawrence.

, f. Existing and Proposed Sanitary and Storm Sewers,-
The genoral plan of tho existing and proposed sanitary and
storm sewers in Ares "C" is shown on Plate 5. The existing
system consists of, (1) Combination sewers along Portland,
Market, Greenfield and Salem Strests, flowing westerly and
discharging into the 54~inch trunk sewer on Osgood Street,
and (2) storm drains from Greenfield Street and along Loring
Street flowing soubtherly and discharging into the Shawsheen
River, The City Engineer, Lawrence, has advised that no
difficulty has been encountered from thess combination sgewers
and drains, and it is concluded that the system in general can
be utilized safely with proposed modifications as follows:

(1) Install new drainage and sewer interceptor
- varying in size from 12" to 36", This interceptor will
commence along the dike soubth of Salem Street, intercept the
two existing storm drains described above, slope to Loring
Street, and then extend along Loring Street to the proposed
pumping station located at the corner of Osgeod Street and
Market Stroet. The direction of flow is opposite to the
surface slope and the depth of the drains, therefore, will
irrease from ten (101') feet at Salom Street to twenby (201)
Ffeoult at Markat Strect. This same line will also intercepd
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the flow from the existing sewers in Salenm, Greonfield and
Market Strests, to isolate the sewage and drainage in these
sewers from the flow in the 54~inch main.

(2) Install new fifteen (15"} inch iuterceptor
along Osgood 3treet from Portland Streeot to the proposed
pumping station. This line will intercept the flow from the
Porfland Street sewer to isolate the sewage and drainage from
the flow in the 54-inch main,

(3) Construct new cabtohbasing to intercept
the run-off near the dike and connect the catchbasing to the
existing séwors on larket, Greenficld and Salem Streets.

(4) Comstruct undsrdrains along the dike to
intercept the seepags.

(5) Iastall two (2) flap-gated outlets through
the dike and ¢ross connect with the new interceptor at the
Low points south of Salem Street. These outlets will elimin-
ato ponding in the low area with river stage below elevation
34 Teet caused by the construetlion of the walls,

(6) Construet new catchbasins on Loring
Street near the proposed bulkhead to intercept the run~off
anc connect the catehbasins to the propossd interceptor.
During low rivar slapges eXcess surface runoff will low
threugh the open bulihsad Lo the Shawsheen River.

(7} Install pate valves ia the new manholes
near bH4-inch trunk line on existing sewers on Salem and
Greenfield Streets,

{8) Abandon a portion of the existing sewer
on Market Street between Loring and Osgood Streets,

g, Capacity of Bbxisting and Propossd S6Wars.-
The total capacities of the exiscviig sewers and drains in
Area "C" during low river stages computed on the assumpbtion
thal the drains are flowing full and uader a surcharge head
with the maximum wabter surfaces olevation at ground level,
and a value of "n% in Kubtter's formula of 0,015 are as
follows :
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Combinatilon Sewsr and Drains Size Capacity ocwfe8.

Portland Street 15" 5.0
Market Street e 15" 4,6
Greonfield Street 1ot 342
Salem Street 15" 4.0
Storm Water Dralns
From Greenfisld Street 15" 8.0
Loring Street 1o 340
Total Bxisting Vapacity 28,0 c.f.s.
The capacities of the indiwvidual proposed sewers and
drains during low river stapges computed on assumpbions as
above are as follows:
Size CofaBe
Portland Strset 15" 5.0
Gresnfisld Street 1o" 14
Salem Street 15" 4.6
Hew Interceptor on
Loring Street oM 27.0

The inflow to the proposed pumping station from Area "C"
is 32 c.fus. comprising the flow in the new interceptor and
the Portland Street sewoer. :

In addition to the preceding proposed capacity the two
pated ocutlets throuph the dike will discharge an additional
48 ¢,.f.8. with river stags at elevation 29 feet.

The capacity of the B4 inch trunk sewsr on Osgood Street.
basad on average slepes and not surcharged is 100 c.f.8.

he Pumping Requirements.- The pumping roequirsments
are influenced by the froguency that pumping is required by
differont heights of river level, the probability of rain-
f'2ll concurrent with that stage, and the ground elevations
of the various areas., Curves showing the relationship ‘
hetween theses items of consideration are illustrated on
Plates 10, 11, 1la, 1lb, llc and lle, and ars described in
paragraph 1 g of this appendix. Assuming that pumping is
necessary when the river stage rises to an clevation
approzimntely 6 feet below the lowest average ground level to
prevont sevrage from backing into eellars, pumping for Area:
"C" should commence with a river stape at about elevation
29.0. Similarly pumping for Arsa "D" should start at a river
stage of approximately 34.,0. Plates 11 and 11b show the
rainfall intensities that -have cecurred simultaneocusly with
high river stages and the probability of the seasonal
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frequency of these rainfalls, Thess curves indicate the
romote probability of high intensity rainfall occuring
during flood stajges, for, as noted in paragraph 4b of the
report, the rainfall of high intensity usually takes place
during the storm that produces the flood. Flood stages at
Lavrence ocour after more than two (2) days following the
storm and ordinarily the center of the meteorological dis-
turbance has passed by that time.

The pumps for the south Lawrencs pumping station are
selected to satisfy the criteria of the following range

in operating ceonditions.

(1) Condition Ho., l.-

(a) River stage 29.0 (frequency 12 years),
rainfall negligible.

(b) Pumps operated for sewage flow from
Area "CB, Haximum rate estimated to be about 0.5 c.f.s.

(e} Sewage from Areas "D" and "&" will
flow to the Merrimack River withoub any baclwater damage.

(2) Condition No. Ze-

(a) River stage same as Condition Ho. 1,
. heavy rainfall.

(b) Pumps operated for both sewage flow
and sbtorm run-off from Area "C", Capacity of sewers equals
32 c.fes. If sewer System becomes surcharged by severe storm
run~off, excess water will discharge thru omergency outvlets
to the Shawsheen River. Soms damage would result in flooded
cellars, but this probability oR a storm producing run-off
excooding the capacity of the sewers cencurrent with high
sbages is very remote,. ‘

(c) Sewage and storm run-off would flow
to river under oxisting conditions. Excess surface r un-off
would create ponds in OVConnell Park., It is possible that
some surface run-off will Flow from Arsa "D" into Area “C"
Lit the flow will be intercepted by Loring Street and carried
to the Shawshesn Rivor,

(3) Gondition Nos 3.-

(a) River stage 34.0 to 38.8 {(frequency
110 years), rainfall nagligible.
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(b) Pumps oporated for sewage flows from
voth Areas "C" and "D", Maximum rate of flow estimated to
e 4 e.fa8.

(4) Condition Wo. 4.~

{a) River slage same as Condition No. 3,
nominal rainfall,

(b) If the total discharge from all
areas is less than the total pumping capacity, all flow will
be pumped in order to provide the maximum degree of protection
to all areas.

(6) Condition o, S.-

(a) River stage same as Condition No. 3,
heavy rainfall {2 to 5 year freguency).

(b) The pumps will be operatoed primarily
for the protection of Area "C" and if the total discharge
from all areas exceads the capacity of the pumps, then the
flow from Areas "D" and "E" will be made to flow by gravity
against the baclwater head of the {lood stage. A few basew
ments may bo flooded in Area "D%, bubt the damape would be
relatively light. The pumps would be utilizsed to discharge
the full capacity of the existing and proposed sewapge and
drainage system in Area YU,

{c} If the storm run-off was greater
Jiwan the capacity of the sewerapge and drainage system, and
the flap pates in the euwergsncy oubtlets were closoed by the
pressure of the flood stage, then surface ponding will take
place. However, the arsa 1s so flat t.at the depth of water
will be in terms of inchss, and will resull in inconvenisnces
instead of appreciable property damage.

Tt should be noted, that although the conditlions of flood
stage concurrent with the storms outlined in Conditlons Nos,
4 and 5 are pessible, the chances of their simultancous
occurrence is extremely improbable. Neithor condition has
ocourred during thg period of record, '

To satisfy this wide range in design criterla it is
proposed Lo provide pumps of comparable type and numbsr as
those recommended for the North Andover Préject, Ono (1)

5 c.fes. centrifugal pump will be provided for sanitary
sewage (Conditions No. 1 and 3) and two (2) propeller pumps,
each with a capacity of 15 o.f.s8., will be installed for
Conditions Nos. 2,4 and 5. The pumps will be capable of
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discharging their rated capacity with a maximum operating head

of approximately 25 feet., 4 pump characteristic capaclty curve
plus the discharge through the flap gates is superimposed on Plate
11% which shows that the selected pumps provide ample protection
for Area "C" on the basis of coinecident flood stages and rainfall.
Purther discussion concerning selection of pumps is included in
paragraph 6 4 (2) of the roport.
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APPENDIX "B

COST . ESTIMATE

LOCAL PROTECTION, NORTH ANDQVER, MASS.

Item Quontity T Unit Cost Cost
Wall and Dike
Excava,tion . 11,000 c,y, $ 0-60 $ 6, 600,
Stripning 4,000 c.y. 0.50" - - 2,000,
Backfill = © 2,000 GeYe 0.40 800,
Compacted Impervious ' '
Fi11 15,000 c.¥. 1,25 18,800,
Compacted Fill 11,000 e.y, " L1.25 1%,800,
Sand and Gravel 5,000 ¢,¥. - 1,75 8,800,
Topsoil 3,000 co¥. 2,75 8,300,
Grading and Seeding -~ 4,0 acres 375.00 1, 500,
Riprap : A 500 9.7, - 5,00 2,500,
Concrete -~ 4,260 co¥e 25.00 106,500,
Reinforeing Steel 124,000 1vs, 0.07 £,700.
Bulkhead . - - L8, [ H00.,
Cost of Wall and Dike , . _ ~ $185,800,
Drai ra and Pumping Station : :
Dl‘ainﬁ ’ L'Sc . 12, Boot
. Pumping Station o 1,8, 55,000, -
Cost of Drains and Pumping Station - 67,500.
Channel Realignment 12,000 coVe 0.,U45 400,
Subtotal L . . ' $558, 700,
' fngineering, Inspection, Overhead and E
Contingencies (25%) 6k, 700,
Total Construction Costs —~ North Andover $323,L00,
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APPENDIX HCH

COST ESTIMATE

LOCAL PROTECTION . SOUTH LAWRENCE, MASS.

ltem Quantity Unit Cost Cost
Wall and Dike

Excavation 13,700 CeYs $ 0.60 $ 8,200,

Stripping 600 co¥s» 0,50 300,

Backfill 3,500 ¢uFe 0.40 1,400,

Compacted Impervious

Fi1l 10,500 ca¥e 1425 13,100,

Sand and Gravel 4,000 co¥e 1.75 7,000,

Topsoll 2,000 Co¥s 2.75 5,500,

Grading and Seeding 245 acres 375.00 1,000.

Riprap 275 84T 5400 1,400,

Concrete 3,400 CaYo 25.00 85,000,

Reinforeing Steel 43,500 1bs, 0.07 5,800,

Bulkhead : L.5, 1,500,

Cost of Wall and Dike ‘ 136,200,
Draing and Pumpinz Station

Drains L,8, $ 35,400.

Pumping Station L,S. 50,000, )
Cost of Drains and Pumping Station 85,400,
Subtotal $ 201,600,
Engineering, Inspection, Overhead and ' )

Contingencies (25%) 55,400,
Total Construction Costs - south Lawrence $ 277,000,



APPENDIK IpH

GOST ESTIMATE

LOCAL PROTEGTION - WEST TAWRENCE, MASS.

.”Item : ) Quantitz ~ Unit Gost . Cost

Cost of Dikes and Walls:

Bxcavation and Disvosal 3,600 c.¥. $ 0460 $ 2,200,
Compacted Impervious . o
111 2,500 coyy 1,25 - 3,000,
Compacted Random Fill 700 ceYe 0,40 300,
Pervious Fi11 Graded ' '
Gravel 2,000 cays 1.75 © 3,500,
Grouted Riprap 5,000 soye . - 3400 15,000,
Concrete 425 coye 25 00 11,600,
Reinforcing Steel . &,000 lbs, 0.07 600:
V.C. Drain 1,300 1., 0.75 1,000,
Topsoil T 650 cuYs 2.75 1,800,
- Beeding and Grading 0.8 aore 375.00 300.
Grouting existing riprap 2,000 s.y. 1.00 2,000,

Repalrs to existing

. riprap ' LS, - 00
Subtotal ' : _ @EI,SOO.

Engineering, Inspection, Overhead and :
Contingencles (25%) 10,450,
Total Gonstructlon Costs ~ west Lawrence : $52,250.:
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APPENDIX &t

TABLE OF COSTS AND AWHUAL CHARGES

West

Worth  South
Andover Lawrence  Lawrence
I, Yederal Investment
A, Structures (K0 vear 1ife) _
Construction costs - $097,150. $250,?50,' $ K2, 280,
B, Hquipment (%0 vear life) _26,250, 26,250, . _none
0, Total Federal Investment $323,400,  $277,000,  § 52,250,
D, Annual Federal Carrying Charses
1. 3% Interest ¢ 9,700, $ 8,310, $ . 1,570,
- 2, Amortization, struc- '
tures (0,886%) 2,630, 2,220, ro.
3. Amortization, equip- .
ment (2,100%) 550, 550, -
U, Total Federal Carrving :
Charges . ¢ 12,880,  § 11,080, & 2,00,
I1. Yon-Federal Investment
A, TLand and Basements $ 10,000, $ 5,000, § 4,000,
B, Annual Carrying Charges -
4% Interest oo, 200, 160,
C. Annual Cost of Maintenance :
and Oneratlon ' 600, 600, 100,
D, Total NonéFederal-Carryingl : -
Charges $ 1,000, $ go0o, 8 260,
$ 11,830, § 2,300,

I1I, Total Ammual Carrving Charges $ 1%,8%0,
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APFERDIX "y

o

TOWE OF NORTH AYDOVER N v

COMMONXWEALTH OF MASSACHUSETTS "8“

Whereas, under the authority ‘of Flood Control Act of 193¢, approved by the =~
President on June 28, 1938, which provides in part that ™n addition to the 4
conBtruction of a system of flood contrel reservoirs, related flood control x
works which may be found justified by the Chief of Engineers", funds have been &
allotted by the Federal Government for the preparation of definite project plans s
for flood vrotection in the Town of North Andover, Commonweslth of Massachusettsiw
- g

- 3

Whereas, Section 3 of the Flood Control Act -approved June 22, 1936 provides -
thet "no money ~=~- ghall be expended on the construction of any project until —- 1
[3+]

responsible local agencies have given assurances gatisfactory to the Secretery
of War that they will, (a) mrovide without cost to the United States all lands,
easements, and rlights-of-way necessary for the construction of the project, ~~-
{(v) hold and save the United States free from damages due to the conmstruction
works, (c) maintain and overate all the works after completion in accordance
with regulations preseribed by the Secretary of War:---":

Whereas, the vwroposed imprevements at North Andover, Massachusetts, will be
prosecuted under the direction of the Secretary of Var end supervision of the
Chief of Englneers, and

Whereas, the plans for the mropnsed imvrovements will be for the benefit
principally of the inhabitants of North Andover, Massachusetts, i

Now, therefore, be it resolved, that upon approvel by the Chief of Engineers
of the definite project vlans and the allotment of funds for the proposed works
of improvement, the Town of North Andover will, (a) furnish without cost to.the
United States g1l lands, easements, and rights-of-way necessary for said workse,
The lande, easements, and rights—of-way which said Town of North Andover shall
furnish shall include those needed for the sites of structures,for spoil dls.-
posel areas, for access roads, and all other righte in, upon, through, .or over
private property which are needed by the United States in connection with the
work of improvement. Maps showing the lands, emsements, or righte~of-way needed
fer the aforesaid work will be obtalned by the Town of Eorth Andover from the
United States, DPetsiled property surveys and title searches nscessary to acquire
the land or intereste therein will be performed by the Town; (b) that the Select-
nmen of the Town of North Andover, Massachusetts, be and hereby are authorized to
execute, ,acknowledge, and deliver, for and on behalf of the Town, to the United
States any and all instruments which may be required by the United States 4n
order to prosecute the proposed work of improvement, and to authorlze amd permit the
sald United States to act for and on behalf of the Town of North Andover, Massa-
chusetts, under any easements, grants, or rights~of-way that have bheenr obtained
by or may be hereafter obtained by said Town of North Andover in commnection with
said proposed improvement. .

 Be it further resolved that the sald Town of North Andover, Massachusetts,
will hold and esve the United States, its officers snd employees, free from all
claims for damages and from all liabilities due %o the construction work and upon
completion of the proposed flood control worke the Town of North Andover will -
accept the same and will maintain and operate them without expense to the United
States in acecordancs with regulatione preeeribed by the Secretary of Var,

In Town Meeting? March 27, 191y -

Attest:
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#HLREAS, projects have been proposed for the construction of flood
control dikes and retalning walls to control the flow of the_Shawaheoﬁf
Hiver within the City of lLaw:ence, laasuchusetts and for the completl
of the dike on the northerly bunk of the lLerrlitack hiver sast of the .-
Munloipal Fumping Station In the Clty of Luwrence, !assachuaetts ar L
post-war flood control projects, and e

WHLRLAS, the aforesaid proposed flood control projects will be con-
structed by the government of the i{nlted !itutes and will beneflt
principally the inhablitants of the City of iLawrence, ilassachusetts,

NOW, THYREFORE, BE IT RESOLVED: that upon epproval of the definite
project plans and the allotment of funds for the proposed flood control
works by the government of the lnited States, the City of Lawrence wlll,
(&) furnish without cost to the United Steates all lands, sasements and
rights of way necessary for the construotion uf sald works. Kaps

showing the lands, easements or rights of ways needed for the aforesald
vrojects #w!'ll be obtained by the City of Lewrence from the Unlited “tutes.
Detulled property surveys and title searohes necessury to acyuire the
land or interests therein will be performed by the City; (b) that hLis
Honor, the Mayor. of the City of Lawrence, be and he 1is hereby, authorized
to exeocute, wucknowledge, and deliver, for and on behalf of sald City,

to the United States Government any and all instruments which may be
roguired by the United States Government in order to prosecute the
proposed projects and to authorize and permit the sald Uovernment of

the United :States to act for and on behalfl of sald City of Lawrence,
Kessachusetts, under sny easements, grants, or rights of ways that

have been obtained or may hereafter be obtalned by sald Clty of Lawrence
in connection with said proposed projects, and

BE IT PURTHER RESOLVED: thet the salid City of Lawrence, Massachusetts
will hold and save harmless the lLovernment of the United States, its
officers and employees, from any and all claims for damages and from
&ll 1liabilities due to the construction work upon said projects and
upon completion of the proposed flood control works the sald Clity of
Lawrence will scoept the same &nd will maintsin and operate them
without expense to the United tates in acoordance with regulations
prescribed by the Secretary of War,
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WAR DEPARTMERT
United States Engineer Office
38 Floor, Park Square Bldg.
31 St. James Avenue
Boston 16, Mass,

22 May 194k,

Subject: Definite Project Revmort for North Andover and Lawrence,
¥Yassachusetts, Local Protection,

Tot The Chief of Engineers, U, S, Army, Washington, D, -C.,
Through the 31v191on Englneer, Hew unmland D]VlSlon,
Boston, Massachusetts.

1. Proisct Authority.- The wrojects for. local protection at
Worth Andover and Dawrence, Massachusetts, as described herein, are
nronosed as part of the comprehensive plan for flood control reser-
voirs and related f£lood control works for the Merrimack River Basin
anthorized by the Flood Control Acts approved 22 June 1936 and 28
June 1938, The ¥Flood Contrel Act of 193€ vrovides that, "The project
for flood control in the Merrimack River Basin as anthorized by the
Tood Control Act approved 22 June 1936, is modified to provide, in
addition to the construction of the system of, f ood control reser-
voirs, related flood conbrol works which mc‘“bB\ ound justified by
the Chief of Engineers. ) A) '

5, \ \‘;‘)

2. Previous queatlﬁahlonS.ﬂ “ﬁ: \invé tigations and studies
uponr which the anthorized pro QQQ% ?d% Qpa Morrimack River Basin is
based are described in ﬂouoe\\oauneﬁﬁ\ﬁo. 629, 75th Congress, 3rd

Session. TN \§$ s

2. The local er@éhfion work for North Andover was con-
templated in 1940 and reference is made to the "Survey Report for
Wavigation, Flood Contrel, and Water Power, Merrimack ‘River, Massa-
chusetts and New Hampshire", dated 1 April 1940 and submitted to
the Chief of Fngineers, This report notes that the local flood
nrotection works were under consideration and presents an approxi-

nate estimate of the nroposed construection costs, Reference is made
also to the "Subproject for Worth Andover, Merrimack River Basin,
Mass.", dated 22 Aupust 1940, submitted to the Chief of Engineers,

it
&

b. The City of Dawrence planned to sponsor two projects
under the Works Progress Administration in 1939:

-l -



(1) fhe econibsuction of dikes and walls in south
Lawrence along the west bank of the Shawsheen River, similar to
the layout shown on Plate H/; and

(2) The construction of dikes and walls in west
Lawrence nlong the north bank of the Merrimack River, similar to
the plan shown on Plate 12,

Work on the south Lawrence project was not started dve to the
uncertain conditions of that periody The west Lawrence project was
initiated but only partially comnleted before labor curtailments
forced the construction to terminate, The completed portion of
the dike affords no protection in its present condition,

3+ DLocation and Pescription of Areas Affected.-

a. General.~ (1)} North Andover and south Lawrence:-
The proposed projects are located on the banks of the Shawsheen
River which forms the boundary between the City of Lawrence and
the Town of North Andover., The sites of the dikes and walls are
about one-half mile upstream from the confluence of the Shawsheen
and Merrimack Rivers which is 27,3 miles above the mouth of the
Merrimack River and approximately 24 miles north of Boston, Massa-
chusetts. The area requiring protection in North Andover is a
residential development of approximately 25 acres, with an estimated
population of about 500. The total valuation is estimated to be
$500,000. The area requiring protection in" south Lawrence is a
residential development of approximately MO acres with a population
of approximately 10004 The total asQessed ‘vdluation of the south
Lawrence area in 1939 was, $77o ooo. a

(2) West Laﬁrence. The incomplete WP.A. project
in west Lawrence is located on the north bank of the Merrimack
River just upstream from the Essex Dam, or approximately 29,2 miles
above the mouth of the Merrimack River, The area subject to damage
during past floods conslsts of approximately 125 acres and is
thickly developed with commercial establishments and residences,
The total assessed valuation in 1939 was $1,760,000.

b. Flood Conditions.- (1) North Andover and south Lawrence.-

411 floods that cause damage at these two sites are the result of
backwater from flood stages on the Merrimack River and are not pro~
duced by flood flows on the Shawsheen River. The Shawsheen River

has a total drainage area of 73 square miles above lts mouth and is

a sluggish stream, its flow controlled by numeroud ponds and BWamps «
The greatest flood of record occurred in March 1936 when the areas in
North Andover and south Lawrence were flooded to a maximum depth of
about 1% feet, The estimated direct losses tovalled $280,000 in
North Andover and approximately the same in the south Lawrence ares
to be protected by this provosed project. Parts of both arcas were

- 2



flooded again during the hurricene flood in September 1938.

(2) West lLawrence. Flood damage in this area is
the result of the backwater head produced by the Zgsex Dam., In
the 1936 flood the area was inundated to a maximum depth of about
4 o B feot and in 1938 a smaller area was affected with maximum
depths ranging from 1 to 2 feet, The 1936 flood caused egtimated
direct lomses of $165,000,

¢+ Ourrent Xlood Oontrol ?;o;ects,- The oomprehensive
plan for £1lo0d control in the Merrimack River Basin and 1ts present
status is 1llustrated on Plate 1. Two reservoirs have been com-
pleted: (1) Franklin Falls controlling the Pemigewasset River, the
prineipal tributary of the Merrimack River, and {2) Blackwater
Regervoir on the Blackwater River, a tributary of the Contoocook
River. Other proposed reservoirs for controlling the Contoocook
River are Mountain Brook, Wegt Peterboro, Bernington and Beards
Brook. The effects of these regervoirs, both existing and proposed,
have been considered in determining grades for the walls and dikes
to protect the inundated areas. Iocal protection projects also have
been completed at Fitohburg, lowell and Haverhill, Massachusetis.
Ehere are no other flood control works, existlng or contemplatbed,

4. eziniﬁe Project Plan.s
T \\ ‘-\ \‘-) L s
PR Wor Prono '“N’Th@ a{bés)io he protected and the
proposad plang for pruveﬁﬁiﬂ \q \mage*from future £loods are shown
"ates 3, Yy § and 12,3 _)the areas are low and subject to
1nuudat10n during the floé&istages on the Merrimack River, It is
proposed to provide protection similarly in all areas by construct-
ing earth dikes and concrete walls. In North Andover and south
lawrence, it is necessary to provide pumping facilities for the
sewago and drainage at each site. More detailed description of the
proposed construction in the different areas aré as follows?

(1} North Andover.= Approximately 2300 feet of
concrete wall and 750 feet of ,earth dike are proposed in this section,
New draing will be installed adjacent to the wall and dike %o inter-
cept surface run-off, and a pumping station will be consgbructed to

pump both sewage and storm dramnage from the local drainage area
during flood perlods.

(2) South Lawrence.» Approximately 3250 feet of
conerete wall and 570 feet of earth dike are prepdsed in this
section. New drains, interceptors, and diversion pipe will be in-
stalled to prevent flooding by backwater from the combined sewage
and érainage system., A pumping station will be consbructed to dis~
charge she sevage and drainage during flood periods.

-3 -



(3) Mest Iowrence,- The work in the west Lawrence
ares consists of completing the W,F.A, earth dike. The original
V.P.4, plans specified en earth dike approximately 2300 feet long
on the north bank, About 1000 feet of this dike was completed in
the 1940 constructxon period, but the remainder of the dlke re~
Quires riprapping. gravel toe drain, tcpsoil and geeding. The low
aresa east of thig earth dike will be protected by a concrete wall
extending 350 féet along the river side of the O'Sullivan Park and

& low earth dike approxlmately 375 feaet in length., No piping or
pumping station 1s required for thzs saction. : .

Degign F;god,m The' greatest f£lood of record on the
Merrimack River oceurred -in March 1936, when the discharge at Lawrence
was 174,000 c.f.s, Thip £lood exceeded all previous floods on the
Merrimack River in an official record of 90 years and an unofficial
record of nearly 200 years by 66,000 c.f.s. and 9 feet in stage.
The flood in September 1938 had a peak discharge of gbout 120,000
cefsg. and is the second highest flood of record. All flood flows
on the Merrimack River are produced by either, or a combinatlon of,
heavy rainfall and melting snow in the headwaters of the Merrimack
River Basgin, The drainsge aveas of all tributary rivers in the
south half of the basin are of such characterlstics and size that,
although they contribute to and augment the Merrimack River flow,
they are not conducive to producing damaggpg floodg on the Merrimack
River. OUongequently, as the maximum & *xges are. produced by the
headwater tributaries in the moun(giﬁa §j®¢ ﬁiOn of the drainsge
area, the maximum crest of the £iddd a aﬂrénce cocurs about 55
hourg, or'more than two days,Tqllo %ﬁgf bKe flood producing rainfall.
This characteristic of ¢ 0! %,‘.h&@?ﬂtlics ig noted because of its '
importance  in the selaq;_6h§q§eﬁgﬁping station capacitiss. It was
concluded that the dARlMMm{166d of record, reduced by the compre-~
henaive regervoir pro*-!{\? ould provide a safe degign criteria for
‘local protection work&#n this area, This is the same design cri-
teria for the completed local protection projects on the Merrimack
* Rlver, The meximum river stages of recoxd, both uncontrolled and
as reduced by the preposged comprehensive regervolir system are shown
on Plates 9 and 13 with the selected grades for the concrete walls
and earth dikes, . At North Andover and south Lawrence projects, m
freeboard of 3 foet above the maximum stages of the 1936 floods as
reduced by the reservoirs is provided for the sections of earth dike
and a freeboard of 2 feet is provided for the concrete walls. The
grades established are elevation 42,0 for the sarth dikes and eleva=
‘tion 41,0 for the concrete walls. At the west Lawrence project the
top of dlke and concrete wall will be maintained at elevation 55.0,
which corresponds to the grade previously established for the W.P.4,
project. This grade provides Y feet of freeboard over the peak
stage of the 1936 flood roduced by reservoirs, This additional
freeboard is considéred essential for this location because the
dike borders the main river channel and comparatively high veloci-
ties of flow are anticipated. In North Andover and . south DLawrence
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sérious wave action will net occur for there will be no velocity

of flow gince the high stages in these areas ave the result of
baskwater from the Merrimack River and the fetch, causing waves

" by wind velocitiesy is comparatively small. It is believed that

these freeboard provisions are adequate allowance for (1) wave

action, (2} degree of accuracy in reach=routing from the headwater

tributaries to Lawrence; and (3) effective protection againgt the

design flood until such time as the comprehen51va regervoir system .

is completed,

5. Hydrolosy.s (Ses Appendix'“kﬁ for complete hydrological
analysj-Sn)

2. Yorth Andover.,- 4 24-inch drain discharging into the
Shawsheen River and & 24~-inch trunk gewer that extends te the Merri-
mack River are located in the area affected by the proposed flood
wall, (See Plate 5). The 2Uwinch drein with a discharge capscity
of 20 c.f.s8. serves a drainage ares of 05 acres. An area of 13
acres between Massachusetts Avenue and the flood wall on the west
will be provided with new drains and catchbasins. The 2l=inch sani-
tary trunk sewer, with a capacity of 6 c.f.s. serves & comparatively
.small area at present, but was instailed for the purpose of serving
1.5 square miles of North Andover, if the development of the town
warrented its extension. It is proposed to construct a pumping
station east of Massachusetts Avenue as an inbtegral part of the con-
crete £lood wall to pump the sanitary sewage and storm run-off into
the Bhawsheen River during high river stages. Based on a storm of
a ten year frequency, and including sewage\ low and seepage, the
computed maximum discharge from thq egﬁlrg drainage area of 78 acres
is 51 esfusy. To satisfy 9315tiﬁg‘ proposed drainage and sewer-
age systems which have =n totaﬁ\c acity» £ 36 cefess it is proposed
to provide pumps with a“@ 1 % ! 5 of 50 cefese The maximum
operating head will {be Toot agalnst the river gtage produced
by the design floodi ™S

B ~South'Lawrence,~ A 5¥-inch diameter brick sewer flow~
ing north in Oggood Street serves as a trunk outlet for both sani-
tary sewage and gtorm drainage in Areas "O' end #D¥ and for sanitary
sewage from Area "E” {Plate 8): The drainage areas are as follows!

Area 0" ~ 4O acres
Ares D! & 160 acres
Area "B'" ~ 104 acres
Total Area - 304 acres

Area "O% ig the low area inclosed by the proposed dike and is the
approxlmate 1imit of the seétion inundated duvring the past floods.
Areas "DV and "E' ave at higher elevations and are not subject to
flooding except during extreme high floods: The discharge capacities
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of the sewers in Area "C" are spproximately 14,2 ¢.f.s. compared
with a computed discharge of 31 c.f.s. based on a 30 minute rain-
fall for a ten year freguency. The capacity of the Hl-inch trunk
sewer igs approximabtely 100 c¢.f.s. compared with a maximum computed
run-~off and sewnge flow of approximately 110 c¢.f.s., On the basis

of frequency studies of Merrimack River fiows, {Plate 10), it is
expected that pumping will be required once every 12 years in Area
"C', but in Areas "D" and "B', it is anticipated that pumping will
be required only once in 110 years. New pipes and cont rol facilities
will be provided to take advantage of the difference in ground eleva-
tion and the probability of pumping requirements by separating the
flow in Area "CY from "D" and "E¥, It is proposed to provide pumps
similar to the Andover project with a total capacity of 50 c¢.f.s..
The maximum ‘design pumping head will be approximately 25 feet.

_ ¢+ Yest Lawrence,~ & hydrological analysis is not re-
quired for west lawrence. The area is gerved by a combination sewer-—
age and drainage system that discharges into the Merrimack Hiver
downstream from the Egsex Dam, and consequently, ig unaffected by
backwater. During the initiation of the project, the City of lawrence
installed new draging in the area inside amdl adjacent o the dike %o
prevent local ponding., The construction of the dike and wall does
not effect the pregent sewerage and drainage systems, and consequent-
1y, interceptors and a pumping station are not necessary. 4 toe
drein will be included to intercept subsurface’aspepage during flood
stages, with the flow discharging into‘thgfébmb“g tion sewer system.

PEAT ;
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6. Engincering Degism, ="\
AT Y ER RN
&;gﬁ%éb g£§§ﬂ¥é survey was made of the North
dndover flood area whichﬁﬁxgiﬁged the immediate northeast bank of
the Shawsheen River, its Primary flood plain or "bottom land" and
the northeast valley wall, together with land imwediately adjacent
to the top of the bank. Topogrephic data for the south and west
Lawrence flood ares sites were obbtained from plans based on surveys
made by the Oity of Lawrence in connection with the proposed W.P.A.
projects for flood protection for these areas which were prepared
several years ago. Additional information concerning the west
Lawrence dike was obtained by a topogrephical survey to determine
the scope of the work required to extend and complete the project
initiated by the W.P.A, in 1940, These data are considered sabis-
factory for preliminary planning of the structures now proposed.
Considerable use was made also of aerial photographs for 1ocapion
of topographical features and bdbuildings in all areas.

y AR SR G

a. Surveys.-

b, Toundation Exploration.-

(1) North Andover and South lawrence.- The
foundation areas for the proposed dlkes and retalning walle-were
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explored by three (3) drill holes and thirbty-eight (38) auger
borings. Overburden exposures were inspected and local residents
questioned regarding soil: conditions. sE‘he location of the explora-
tiong are shown on Plate 5 and the logs of borings taken at North
Andover and south Lawrence are included on Plate 7. . In general both
projects are located on the top of the banks forming the valley walls
of the Shawsheen River, The banks are covered over large arsas by

a surficial deposit of rubbish from one foot to several feet in
depth. Theve are three large rubdish and ash dumps and the extent

of thege is shown on Plate 5. In general; these dumps were con-
structed by end dumping from the original valley walls, thus they
extend in depth to the elevation of the present river flood plain.
Beneath the rubbigh fills, stratified gands and silts with some
gravel phases extend to depths of 30 to 50 feet below the river
flood plain. Bedrock, a granite gneiss, was encountered at drill
hole D1 at & depth of 27.5 feet below the river flood plain. The
rubbish and ash fill is exceedingly non—~uniform but very pervious;
while the underlying natural deposits have coefflelents of permeability
as determined from remoulded samples, as follows?

Renge of«Qoef.

Soil

Of Por eability ‘om.
0lean Sands and x=k\35¥\3'\w>Q53'
Gravelly Sands Y ld;“ig%%\ 10-Y4
Silte ﬂﬁainx,ﬁﬁ‘-QQSQ 5 t0 100
(2) Yest Laj -E'.— The foundation areag for the

proposed dikes and retainin
holes and six (6) test trenches, Overburden exposures were inspected.
‘The dike construction carried out by the W.P.A, wag observed and
tested for compaction and permeabllity. The locations and logs of
the drill hole explorations made are shown on Pilate 12, . In general,
the exisbing portion of the dike constructed by the W.P.A, and the -
uncongbructed portion of the dike to the southwest corner of
0'Sullivan ¥ark are and will be founded upon a deposit of loose

sand with variasble fine and coarse phases and occcaslonal pockets

of clayey silt. The fill encountered at the ground surface in
drill holes Dl end 3 is the existing W,P.A. embankment. In the
ares of the concrete dike and the earth dike to the northeast, a
deposit varying from ' to 15! of £ill was encountered in drill
holes D2, D4, and D5, The £il) is very variasble and typical of
unaggorted rubbish, ash and earth fills. Beneath the {111, fine
sand was encountered with variable fine and coarse phases. Bedrock
at the site ig believed to be at considerable depths but is out-
cropping on the south bank of the Merrimack Biver opposite the dike.
The W.P,A. constructed the existing portion of the earth dike using
predominately a fairly pervious silty sand and gravel cbtained as
stripping from a glacial gravel deposit. A omall portion of the
dike at the northeast end of the constructed portion was built of
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an impervious, well graded clayey sand and gravel {glacial t111).
The toe trench was constructed partly of washed gravel screenings
2" to 3" in size and partly of clean sandy gravel. The coefficients
of permeabllity of the various soils encountered in the drill holes
and uged for consbructlion are as followss

" Joefficient of Permesbility

Materisl ' cm, per sec,
Fine sand foundation of dike 8 to 2h x lo"h
Siity sand and gravel embank- .
ment fill as placed by W.P.A. 6 to 40 x 10

Well graded clayey sand and Y
gravel fill as placed by W,P.A, «6 x 210"

¢. JDegeription of Walls and Dikeg,~ (1) North Andover.-
The protective structures for the North Andover area include an
earth dike spproximately 750! in length, and & reinforced concrete
flood wall approximately 2300 in length, The earth dike will
border the east line of Elmwood Street starting from existing
ground elevation 42.0 and extending southwesterly approximately
350 to the end of the street where it willomake a right angle
and continue spproximetely L0Q' northwast\te\ in the end of the
proposed reinforced concrete flood Wal%w:f 258 limitations pre-
vent extension of the earth dike qgctioh\b yﬁnd its Juncture
with the proposed flood wall.. ﬂQh flbb@> all, top elevation 41,0,
will extend northwesterly along\ ngfkﬂp of the valley bank for ap-
proximately 1150! theaﬁan \q‘nb th ast, crossing Massachugetts
Avenue and extending aALdha\the, top of the bank to meet the exist-
ing grade at elevation li R The flood wall is designed as a
modified T section which Will be of constant cross section through~
out its entire length. For basis of design it 1lg assumed that the
flood stage is at the top of the wall (¥levation 41,0). The earth
work supplementing the wall is varied to meet three different
types of ground conditions, These three general types of ground
conditions encountered at different places under the wall site
are {1) existing ash and rubbish £fill up to 14! in depth, (2)
a compacted earth section built across a low area, and {3) firm
existing natural ground, Where conditions (1) ard (2) are en-
countered. the wall is to be constructed on a core of compacted im-
pervious mabterial extending vertically down through the pervious
materials and into firm exigting natural soil Vo a depth of at
least 3 feet. Throughout the entire length of the flood wall and
of the earth dike, provision has been made for drain lines to re-
ceive and carry off surface drainage and seepage. A removable




bulkhead Yo close the Hassachusetts Avenue opening in times of flood,
and facllities for storing the bulkhead when not in use will be pro-
vided. Plane and typical sections of the reinforced conecrete flood
wall and of the earth dike are shown on Plates Nos. 5 and 6. Chan-
nel changes in the existing channel of the Shawgheen River are cone-
templated te eliminate the possibility of riparian erosion which
night undermine the proposed flood wall, This work will involve the
construction of approximately 800 lineal feet .of néw channel includ-
ing the excavation of approximately 11,000 ¢ublc yards of earth from
this new channel and placing it to £4111 the abandoned channel.

(2) South lawrence.~ The proposed system of probect-
ive structures in the south Lawrence area includes an earth dike

approximately 570 feet in length and a reinforced concrete flood
wall of varying cross sectlon, approximately %250 feet in length.

The earth dike will extend from existing ground elevation 42,0 near
8hawsheen Road northeagterly along the top of the valley bank to
Loring Street where a concrete retaining wall parallel to the streed
line will retain the earth section, A removeble bulkhead to close
the Loring Street opening during periods of floods and facilities for
storing the bulkhead when not in use will be provided. A reinforced
concrete flood wally starting at the north line of lLoring Street,
will extend northeasterly along the top of the valley bank and the
eagt glde of Bhawsheen Hoad to the gouth righteof~way line of the
Bogton and Maine Railroad and then extends westerly along the north
line of Portland Street ending near Oszood Street, The wall will de
reinforced concrete designed in the foxrm of a modified T section
which will vary in section with the height of the wall required fo
make the uniform top elevation Ul,0, It is planned $o install drain
lines to carry off surface drainage and seapage throughout the length
of the wall and dike, excepting the Portlapa atreet section. The
presence of an exipting street drain along Pértlend Street makes the
congtruction of additional drainage facilltles unnecessary.

(2) MNegt. Iaunce. The W.P.A, project initiated
in 1940 planned for 2300 feet of earth dike and about 725 feet of
concrete walls, Approximgtely 1000 feet of the dike were finished
according to the plans, The remaining 1300 feet is in various
stages of completion. VWork wae not started on the proposed section
of the concrete wall, For the partially completed 1300 feet section
of earth dike, it will be necessary to provide riprap for the pro-
tection of the river side of the dike: to ingtall an extension of
a toe drain on the land side for intercepting seepage flow; end to
place ftopsoil and seed the dike. Some addifional fill and regrading
will be required for sections of the dike where the impervious fill
had been placed but not shaped into the final cross section. A
concrete wall will be constructed along the river bank st the
0'Sullivan Park in order not to regtriet the use of the Park and

“also for the more favorable appearance of the wall compared with
the earth dike., The wall will be a modified T gectlon gimilar to

-4-9 .



the proposed deslgn for North Andover and south Lawrence. The
dumped and fill material will be excavated in the wall founde~

tion area and replaced with a compacted impervious material. The
test borings indicate that the depth of this fill material averages
between 8 to 12 feet. A seepage trench consisting of an open Joint
vitrified tile drain in a trench backfilled with a pervious gravel
will be provided for intercepting subsurface flows. Zast of the
. Park a shallow dike will be constructed gimilar to the W.P.A. dike.
A minimum of § feet of £ill will be removed and backfilled with im-
pervious material. A waste pils of discarded city-owned cobble-
gtones will be available for riprapping purposes. Similar use was
made by the W.P.A., in the completed portion of the earth dike, and
except for small areas that have been damaged wantonly, the cobble~
stone riprap appears to be satisfactory. 1t is proposed to repair
the existing riprap in various sectiloiis that have kgen damaged.

4. Drainage and Pumping,- ' vgﬁﬁ""f
Y \,/)

' (1) Eggjhhégggzg;. The. exisgyng draing and
sewers, and proposed new drains, will, be“ggpe to a central pump-
ing station, as shown on Plate: 5. xisting 24-inch drainage
outlet discharging into the S&g q@éép iver at the Massachusetts
Avenue bridge will be plugged ang:abandoned. ALl storm drainage
will be diverted into a new 3élinch drain and, normally, this flow
will pass through the pumping station and discharge into the Shaw-
sheen River. The site of the pumping station is selected to take
advantage of the line of the, existing outfall sewer and the neces-—
sity of combining the exigsting drainage system with the proposed
draing to provide a single outlet. The sowage and drainage flows
will be diverted into the suctlon conduit of the pumping station
during fiood stages, and pumped into a 36~inch outlet to the river.
Consideration and study have been given to the characteristics and
cost of various types of pumps in order to satisfy the pumping re-
quirements outlined in Paragraph 1 (g) of Appendix "AYM, It is
desirable to have pumps with a wide range of operating flexlblility
to meet the anticipated varisble inflowg from sewage and drainage
which mey range from 1 to 36 c.f.s.. &g a regult of this study
it is considered esgential to provide three fixed blade propeller
pumps with the following maximum deglgn capacities?

1 - % o.f.s._pumﬁ with an electric motor
2 - 23 c.f.s5. pumps with gasoline motors.

These three pumps will have a total pumping capacity of 50 c.f.s.,
or U0 percent in excess of the discharge capacity of the sewers.
If one large pump failed, the remaining two pumps would have a
copacity of 27 c.f.s., or 75 percent of the maximum inflow. The
Y c.f.g. pump with electric motor will be of fixed capacity de-
pendent only on the pumping head, The capacity of the two large
pumps with gasoline mobors is subject to considersble flexibility
by operating the motors at variable speeds. This proposed pro-
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‘cedure will undoubtedly sacrifice some of the pump efficisncy,
but, because of the infrequent use of the pumps, it is delieved
that flexibility of operation to satisfy the many possible
oondltions of sewage and storm run-off is a more essential
eriteria than pump efficiency and economy of operation. Con~
sideration has been given to the possibility of using adjust~
able blade propeller pumps to obtain the degired rarge in
pumping capacity, but it was concluded that, due to greater
cogt, and the additional mechanism to be maintained in operating

condition by the municipalities, this type of pump was nob
warranted. :

(2) South Imwrence,- The existing combination city

gevers and draing and the proposed new lines all extend to the
pumping station at the corner of Osgood and Market Streets as shown
on Plate 5. The purpose of the new sewsrs is twofold!

(a) Provide an outlet for the surface run-off
and seepage intercepted by the dike and wall, and..i

(b) Separate the enti?fﬁﬁ;ggggﬁée in Ares "CM
from the flow in the Hi-inch trunk sewer. ‘i /™"

N N D AT

This regulation and division of  the flows will be obtained dy an
underground control chamber adjacent to the pumping station. Iuring
river stages below elevation 2930, flow from Area "C" will pass
through the control chamber diréetly into the Hl-inch tyunk main.
When protection is required for Area "C! during flood stages (see
peragraph 2 h. in Appendix "A"), a gate will be closed to prevent
discharge into the Hl-inch sewer, and the flow will be diverted
through the proposed 3€~inch pipe to the pumping station. The
pumping station discherge will be .carried in a 36-inch conduit to
the Hd.inch trunk main. When protection is necegsary for both,
Aregs "O" and "D" during higher flood stages, a gate located on the
BY.inch main in the control chamber will be closed, the gate be-
tween the two sections of the chamber will be opened and the dig-
charge from all inflow pipes will be diverted through the 36-inch
pipe to the suction conduit in the pumping station. The discharge.
from the pumping station will be carried through the 36-inch dis-
charge condult back to the 54-inch main. Computations show thatb
with all three pumps operating during high river stages, there is
a drop of one foot in the hydrsulic gradient due to frictional
losses from the pumping station to the Merrimack River. If the
£lood stage reached elevation 40,0 (1 foot below top of the wall)
wator level at the pumping sbtatlon would be about elevation 41,0,
Due to the drop in gradient, it will be necessary to reconstruct
the top of three exigbing manholes to make them watertight under
the head created by backwater and pumping., The site selected for



the pumping statlon is a vacant lot located adventageously to the
exigting and proposed sewers. The statlion will have identical
equipment as the North Andover station namely’? three fixed

blads propeller pumps with the follewing design cepacities:

1~ U4 o.f.9., pump with an electric motor
2 ~ 23 c.f.s., pumps with gasoline motors.

S8imilar to the discugsion of the North Andover pump, it is con-
cluded that sufficient flexibility of operation can be cbtained
by varying the speeds of the gasoline motors,

(1) Alternate Protective Plans Considered,~ Two
other schemes for the protection of those areas have been con-
sldered but nelther have appeared to dbe economxn Brief degeripb-

iong of the plans congidered are outlined,in ﬁhe
graphs? o

fa) Gonstrqct an éa:gﬁ\dam across the Shaw-
sheen River just upstream rom the Ro boh and Maine Rallroad bridee.
On the aerial photograph (B gp\\j%.ﬁhis slte would be approximately’
a straight line extension of\thie’ dike along the side of Portland
Btrest. Gated condults would permit ordinary discharges to flow
normally %o the Merrimaeck River. During flood stages the gates
would be closed and the flow in the Shawsheen Rlver would be pumped
against the flood stage of the Merrimack River. As it is possible
that the flood flow on the Shawsheen River would synchronize wlth
the flood crest on the Merrimack River, it would be necesgsary to
provide pumping capdeity of epproximately 1500 c¢.f.s.. The cost
of the pumping station and equipment alone exceeds the entlre cost
of the recommended project. In addition to this large pumplng plant,
it would be necessary also to have pumping stations %o (1) dispose
of the sewage from the North Andover section, and (2) prevent back-

water and flooding in the Lawrence seotion from the trunk sewer
outlet,

. (b) The second plan, to eliminate the cost
of pumping the flow in the Shawsheen River, wag the constructlion
of two dams scross the Shawsheen, one located as described in the
‘preceding plan, and the second located upstream about opposite
Hlmwood Avenue in North Andover. These two dams would be connected
by a condult sufficient in size to carry the flood discharges of
the Shawsheen River. A small pumping plant would be required to
dispose of the local sewage and drainage. The cost of this plan
greatly exceeds the proposed system of dikes and walls.

(2} Pump Oapacity - Lawrence.- The cepacity of the
pumps for the lawrence pumping station has been given careful con-
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sideration. .The preposed pumps will have a total capacity of sp-
proximately one=half the discharge capacity of the combination
sewer. To provide pumps and stand-by units for the capacity of

the gewer would increase the cost of the lawrence project by ap~
proximately $75,000. It is considered that the benefits obtained
by this additional protection do not justify the ingurance. The
chances are extremely remote that a storm of high intensity willl
ocour simultaneously with high flood stages. In terms of probability
CPlate 10), it would require a storm with a magnitude to be ex~
.pected once in 10 years occurring concurrently with a flood stage

to be expected once in one hundred years, If a storm which produced
runwoff in excess of the pumping cepacity dld take place during
flood stages, the result would be surface storage in low areas and
a few flooded cellars from backwater in the gewers. The duration

of these conditions would be short without serious incenvenience

to the affected areas. It is concluded that the factor of safely
usually required for specifying pump capacity is not Justified for
this project. ‘ ‘ o

7. Sost Fstimate.~ The estimated costs of the local pro-
tection projects for flood control at North Ando?éﬁﬁand gouth and

wost DLawrence are asg fellows$ . SN ‘

N
\\‘ L
:

a. North Andover.-

Wall and dike .. o

RO - $185,800
Pumping Station and drains 724500
Chennel realignment 54400

Su:btotaluvqna.-00¢-0"’i’!"‘° - $263'700
Engineering, Inspection, Over-
head and Contingencies (25%) s 65,900
" Total construction costses...  $329,600

‘be  South Lawrence.-

Wall and dike $136,200

Pumping Station and drains 90, 400

Sdbtotal.-quop.s-!'ll'!'l... $2261600
Ingineering, Inspection, Overw
head and Contingencies (25%)..., 564700
Total congtruction costsy...n  $283,300

ce Yost Lowrence.—

Wall and dike - $ h,800

Bngineering, Inspection, Over~

head and Contingencies (25%)e..e 10,1450
- Total construction costeeesss $ 52,250
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Q. Total Estimated Cost:—(3 sections) $665,150.
(For itemized enalysis of cost estimates
see Appendices B, C and D,)

8+ Benefits of Projects.-

ae« Methods of Analysis.- Reference is made to Section
"BU, "Data for Economic Justification", in "Appendix to Accompany
Survey Report for Navigation, Flood Control and Water Power, Merri-
mack River, Massachusetts and New Hampshire" submitted by this office,
dated 1 April 1940, Section "B" describes in detail the methods
used in the economic analysis of flood control reservoixs based on
direct and indirect flood losses, The same method. applles to the
economic analysis of local protection projeqﬁ§{=\<ﬁﬂ$ \&;

R I \ . \-'\:\. \w,:-‘

be Determination of Benefitsy=" T@gi@%a@gged local

flood protection works will supplement the \@ffectiveness of flood

protection provided at the dam s\.\‘ﬁggwﬁy the upstream reservoirs
and will increase the total benefiits=accruing to the comprehensive
flood control program, The.addié?&nal benefits resulting from the
local protection projects have been evaluated and totalled with the
benefits secured from the balance of the comprehensive flood control
program to determine the economic justification for the proposed
work, The proposed dikes and walls have been found to provide the
most economical means of supplemental flood protection for North
Andover and Lawrence. In addition to providing protection from
flooda, it is believed that the proposed project will be very bene~
ficial to the general welfare of the community by promoting develop-
. ment of the low areas and enhancing property values, The costs and
benefits involved in the comprehensive flood control program are sum-
marized in the following tabulation: '

Summary of Benefits and Costs

(1) Construction Costst

(a) Local protectioen projects
North Andover .essess $309,600.
South Lawrence esssree 283,300,
Wes‘b Lawrance ersbreney 52!2520. .
Subtotal [ RN R R RN FE RN WY $ 665!150'
Other PrOjectS o tenseantrer 6779780.

(b) Tood Control Reservoirs ** ..., 16.987,000. .

Total Construction Costs veevess 318,329,330,
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(2) Annual Carrying Charges:

{a) ZLocal protection projects
North Andover .. s $ 111',0704
Bouth lawrence . T x 12, OTO.
West Lawrence 'TEEE Y 2:2201
Subtﬂtal SassesrI ISR NS _$ 28,&30.

Other projeCtS * etsasRes IR 36,”600
() Tlood Control Reservoirs ** 188,970,
Total Annual Carrying Charges § 53,860,

(3) Tptal Annual Benefits:

Based on comprehensive flood
control program, including
reservolrs and local protection..$1,060,500-

(4) Ratio of Annual Benefits to
Annual Carrving Charges: ’ 1,04

* Includes completed local protection at lowell,
Massachusetts and proposed project at Nashua,.
New Hampshire.

** Tncludes completed reservoirs at Franklin Falls
and Blackwater, and proposedireservoirs at Ben-
nington, Beards Brook, West Peterboro, and

Mountain Brook, = .0

. PR
N vy

9, Local Cooperation.7”"

a. Views of Local “Interests.~ The proposed projects have
been discussed in a joint meebing on 9 March 194 with the officlals
of Worth Andover and Lawrence in order to determine the attitude and
local interest of the affected communities, The Lawrence projects
were previously initiated and sponsored by the City as a WeP.As project
and the proposition that the flood control protection measurss might be
completed during a post-war construction program was favored by the
Mayor and the City Council. The contemplated W.,P A, flood control
projects in Lawrence in 1939 caused considerable agitation in North
Andover for similar vrojects for equal protection., Consequently, the
Board of Selectmen of Forth Andover indicated their interest and desire
for the proposed project. Both municipalities expressed the urgency
for flood protection to eliminate further repetition of flood damages
that have occurred during the past 10 years,
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1 o In accord~
ance with Section 3 of the Flood Gontrel Act, approved 22 June 1936,
the local municipalities will be required %o furnigh all lands,
cagement sy and rights~of~way necessary for the construetion of the
project. The estimatéd costs to docal interests for these items
is $104000 for Nerth Andover, $5000 for south Lawrence and $4000
for west Lawrence,

"Ce 'Assurance of Local Cooperation.~ The City of
Lawrence, by official action of the City Council and the Mayor on
13 March 1944, and the Pown of North Andover in a special town
meeting held 27 March 1944, have furnished the necessary assurance
that the municipelities will (1) furnish without cost to the United
States, all lands, easements, and rights—of~way necessary for the
projecty (2) hold and save the United States free from all claims
for damages due to the work:; and (3) meintain and operate the pro--
ject without expense %o the United States, in accordance with
regulations prescribed by the Secretary of War. Photostat copies
of the resolutions angted by Lewrence and North Andover are attached
as dppendicea "F" and ¥

10, Tipe Bequired for Comstrugtion.- It i estimated that the
projects proposed herein can be completed in one construction season.

11, Recommendstion.~ It is recommended that the local floed
protection works préposed herein, at an estimated cost to the United
Btates of $6654150 be gelected as -a definite project to supplement
the comprehensive plan for reservolrs and related flood control
works for the Merrimack River Basin as authorlzed by the Flood Con—
 trol Acots of 1936 and 1938, AR

. H, P, DUNBAR
It, $olsy Oorps of Engineers
Distriect Engineer
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| APPRNDIX "4
HYDROLOGY OF THS DRALNAGE BASINS,

1. North Andover.-

&8« Drainege Ares.~ The total area that normally drains
into the Shawgheen River through the section to be diked congists
of 78 acres, approximately 2/3 residential development and the
remainder consisting of a gravel pit and farmland. The land slopes
uniformly from spproximately elevation 80 at Railroad Avenue
(Plate S¥ to epproximately elevation 30 along the btop of the slopes

overlooking the Shawsheen River. The drainage area is divided in-
t0 two subwareas "A" and "B for purposes of analysis. Area "A!
(13 acres) is the section bordered by Massachusetts Avenue and the
proposed flood wall south of the Avenue, Most of the present
surface drainage in this ares is overland to the Shawsheen River
without any underground drainage system. It will be necessary to
install a drainage system for this area as shown on Plate H to
carry off the storm water that will be interceptod by the dike

and, wall. Sub-dreinage also will be provided, Area "B" (65 acres)
is the remsinder of the drainage area lying north of Massachusotts
Avenue, and except for the gravel pit and cultivated sections, the
area has a drainsge system of catchbasins and drains that combine
and ultimately dlscharge under the Massachusetts Avenue bridge in-
to the Shawsheen River. There is no defined dralnage pattern %o
the areas and no brooks or drain valleys %o accumulate the run-off,
The drains vary in size from &' to 24", with o total computed
capacity of about 20 c,f.s.. dny future development of the farm
and gravel plt sections in Area "B% with correﬁp Ading extensions
of the dralnage system will not necessarilyféu §§ the pumping
requirements becauge the surface runwoff\ B iﬁ charged direct-
1y into the Shawsheen R:.veri \ \ 3’

o \\ 7

b Seweraze.- (:ﬂ\ th'?e section (Areas UA1 and "BM),
with the exception of a fe&ﬁ lated residences, has a sanitary
sewerage system to separate the gewage from the surface run~off.
A 2l-inch trunk sewer along the east side of the Shawsheen River
intercepts the gtreet sewers and carries the sewage to the
Herrimack River. The 24-inch trunk sewer extends south on
Massachusetts Avenue only as far as Beechwood Street. If North
Andover developes sufficiently, the trunk sewer will be extended
west on Beechwood Street to the Shawgheen River and then south
along the east bank of the river. Approximabtely 1.5 square miles
of North Andover would be served by this gewer if such an exten-~
slon were required. The capacity of the existing Pl-inch sewer
is 6 ¢,f.s. which ig adequate for the ultimate scheme, and is
mors than required for the present development of the town. '
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ce Bt infall,~ The ra1nfall infensity date
preparad by Devid'L, Yarnell and published in the United States
Department of Agriculture Publication No, 204 were used for this
study since thidre are no rainfall records for lawrence or North
Andover sultable for use as maximum precipitation rates for _
‘storms of comparatively short duration. The hydrological analyses
of these two sltes are based on rainfall rates for 15, 30 and 60
minute durations for various frequencies in years. The time of
concentration way obtained to determine the required duration of
reinfall intensity %o produce the maximum discharge, The time of
concentration for all areas was computed by agssuming an average
velocity of flow from the most distant part of the dralnage area
to the pumping station and by masuring the dlstances along
oither exisgting or proposed drain lines, The computed time of
concentration for Aves "A" ig 15 minutes and for Area "BY the
time is 30 minubes, Consequently, 15 minute. rainfall 1ntensities
were used for determining the required size of drainsg in Area AR
and. 30 minute intensities were used for determining theoretical
pumping capacity from the total area. The maximum rainfall in
inches per hour fon various frequencies are tabulated below:

Frequency | 15 Hinute 30 Minute
In Years Duration Duration

2
- B
10
25

.
.

*

oo R s 4

(EE LI

wh4:\ﬂt0
O O OL

- d. Btorm Egg—off,- ?hé atorm yun—off was based on
the’ Ratlonal Tormule Q= C I A, in which

Q = Iﬁln?‘ﬂff in c"‘f.c 13

0 = Coefficient, dependent on the soil
conditions and characteristles of
the topography, expressing the ratio
of the rate of runwoff to the rate of
rainfall,

I = The maximum average intensity of rain-
fall over the entire drainage arsa, in
inches per hour, which may ocour during
the time of cgncentration.

‘A = Drainage area in acres.
Consideration was given %o other accepted methods of computing

surface run~off such as the Burkli-Ziegler Formula and $he
synthetic unit hydrograph, but due to the nature and size of the
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drainage area and the lack of bagie da'b'a. it wag concluded the
Rational Formula was the most applicasble, The values of the
coefficient "C" were estimated from an evaluation of the types;

slopesy and relative lmperviousness of the different surfaces,
mnd were aatimated as follows:

(1) - Paved areass including streets,
sidewalks, roofs, etcCevvessrees 0.35

(2) lawns, gardens, and undeveloped
BTCOBussrrrsessesbaresnrvssrnis  alD

{3) Oravel pit and adjecent drain-
age areaq-.-n._‘-..a‘o...-..‘-c. 0‘05

The average rated of run~off applicabla to Areag "4" and "BV
were determined as follows:

Arep TAM, .

i?aved. area - 3.5 acres x 035 = 14225

lawns, gardensy etc, 9.5 acres x 0.15 = _1.425

TOﬁal.u.-...,.., 13.0 aGI'GB B ) 20650
dverage "O' (rate of run-off) LU = 2.6R0 = 0620

7 o W 13.0

| 20 acres x 0,3h = 7,00

Lawnsg, gardens. etc., 35 acres x 0415 = 5,85

Gravel Pit, etc. 10 acres x 0405 = _0gR0

Total; A EENEREE XN N 65 acres 12.75
Average WO (rate of runwoff) = 12,75 = 0520

5

The theoretical amount of storm run—off to be provided for was
computed from the precedmg data as followss

Area Mal tan Area "B"

(15 Minube Duration) (30 Minute Duration)
Frequency Rainfall Rate Storm Run=off BRainfall Rate Storm Run~off
In Years In In./ Hr, cefes, In In./ Hr. Cofass

2 2.8 7'.3 1.8 23,4
5 i6 : 2,4 31.2
10 .1 10,7 2.8 30,4
25 5.0 13,0 3.8 49.4



Simllar computations made on the basis of 30 minute ,concentration
and a 10 year frequency of the total 78& acres to determine the .
_theoretical pumping capacity gave a storm run-off rate of Ul ¢,f,s.
and a total rate, including sewage and seepage, of 51 c,f.5..

. e. Secepage.~ A seepage allowance of 0001 c.f.s. per
linear foob : por 10 feet of head is provided as a result of the
sub=surface explorations at the site and an analysis of the
material encountered, This allowance results in a total seepage
flow of sbout /4 cif.u. at North Andover.

£. DCapecity of Proposed Drains. It is proposed to
design the drainage system for Arsa TA' for a storm of a ten year
frequency although the capacity of the existing drainage system
serving Area "B" theoretically is adequate for a storm of only a
2 year frequency, It is believed essential to provide for the 10
year frequency for Area "A' because of the nearness of the flood
wall to the residences. Surface storage that might be created from
a storm exceeding the capacity of the draing would flood 061lars
and result in some property demage. Fxcess run-off from Area "B,
not intercepted by the catehbasing and drain in Massachusetis
Avenue, also would tend to flow overland until checked by the
flood wall. Drain cepacities are computed based on the criteria
that the drains are flowing full, end using a value of Tt in
Kutver®s formula equal to 0,015. The layout, of ¥ be proposed -
drainage system oz Aroa "AM, ita comblnat g\wit \the drainage
from Area "B", the pumping station:candk %rggﬁfo the Shawsheen
River, is shown on Plate Be TN )Q\

g. A
to the pumping station, inglhdire the exisbing sewerage and drain-
82e pipes and the propesed new draing is approxlmately 36 cefea.,
The range in the inflowe that may be anticipated vary from the
normal sewage discharge of less than 1 cefes. to this maximum
flow with storm yun-off of 36 c.f.s.. .Fhe pumping head, produced
by the river flood stages also is a variagble depending on the
wagnitude of the flaood at the time of some local storm. It is be-
lieved essential to provide a pump of small capacity, or one with
sufficient renge to pump small flows, for it is expected that when
pumping is required, the probability is that the flood stages will
oceur during the clear weather that normglly follows a flood pro=—
ducing storm and that there would be no drainage run—off, Al~
though it will be very infrequent that storms of severe intensity
will occur simultaneously with the high river gtages (gee Paragraph
L h.) the pumps will also have a cspacity based on the assumption
that a ralnfall, with an intenslity to be expected once in 10 years,
will toke place during high river stages. With this severs
eriteris, it was concluded that the pumps should have a 33% sur-
plus capacity for the existing conditions, and approximabtely equal
to the flow from an ultimate development, assuming drainage
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diversion did not materialize during the future growth of the
area., To gatisfy these conditionms, it is proposed to utilize
three fixed blade propeller pumps of the following capacitles:

1~ 4 c.f.s. pump with an electric motor
2~ 23 c.f.e, pumps with gasoline mobors.

Further discugsion concerning selection of pumps 1ls included
in paragraph 6 4. (1) of the report.

2. lawrence.-

ay Drainsge Ares.,- The hydrologle study of the drain-
age area is governed by the existing sewerage and drainage systems
which nocessitate considering separate sections of the arga in-
dividually. A S54.-inch diameter brick sewer in Ogsgood Strest
8erves as a trunk outlet for both sanitary ecewage and storm drain-
age in Areas "C" and "D", and for sanitary sewage from Area "Bf
(Piate 8). Descriptions of the different areas are as follows:

(1) Area "O" consists of approximately LO acres
bounded by the proposed flood wall and Oggood Btrest. This area
comprises the major portion flooded by past floods, and is the
arep obtaining the direct benefit of the flood wall. Thig area
also is differentiated because of the sewerage and drainage
problems that arise and are digeussed furtheér in paragraph 6 4.
(2) of the report., Existing combination. sanltary and storm
sewers discharging into the 5M~inch trunk maln in Osgood Street
are indicated on Plate 5. : L

R

(2) Areg: “ﬁ“ censlsts of 160 acres and is
analyzed separately becausg mést of the area is at elevations
not subjsct %o river floading. Pumping would be reguired for
this area only during extremely high flood stages. Sewage and
storm drainage are combined in the same system.

(2) Area "BE" consiste of epproximately 104 acres
that ig above all flood levels, Only sanitary sewage discharges
from this area into the trunk mains in Area "D which eventually
discharge through the 54-inch ocutlet to the Merrimack River.
Storm run-off ig intercepted by a separate system and is dls-
charged intc natural stream beds that flow into the Shawsheen
River. ALl areas, except O'Connell Park are fully developed, as
shown by the aerial photographs, Plates 2 and 3. The areas ave
primarily residential with gome commercial establishments along
the mailn streets in Areas "DV and "E'. Surface drainage is inter-
cepted in all the roads by a system of catchbasing and discharges
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into the combination sanitary and storm sewer. & large trunk
main, increasing from 24 to 54 inches, located as shown on Plate
8, intercepts the lateral drains and discharges into the Merri-
mack River. '

b. Storm Rainfall,- The rainfall data used for the
Worth Andover analysis and described in Paragraph 1 ¢. of this
Appendix is applicable to the Lawrence project. Iwo. separate
analyses were made in order to select sizes of new draing and
capacity requirementes for the pumps., Thege two analyses were the
determination of the maximum run~-off from 4rea "C", and from Areas
G and "D' combined., The time of concentrabtion of the surface
run-of f from the 4O acres of Area "0" was compubed to be approxi-
mately 30 minutes, and from the 200 acres comprising both Areas
"C" and "D%, the time of concentration was computed to be sbout 1
hour.

. ¢. Storm Bun-off,- The rational formula, Q= C I 4,
was used to determine the maximm rate of run-off., The computed
average value of the run-off coefficient was 0.28 for Area "CU,
1t was impossible to divide and segrégabte the drainage area of
the combined Areas "C" and "D'" into subareas of different surface
characteristics, so the average run~off coefficient 'C' was
egtimated to be 0.30. The theoretical amount of stoqm run~off
was computed from this data, as follows. [RY

AI‘B& ron

(30_Minute Duration) N &m§  5 {
Frequency [Rainfall Rateistoékj ~off | Rainfall Rate Storm Bun—~off

in Years Inches/Hr, Cafs g c.f,.8.
2 1.8 20 66
5 2.4 27 90
10 2.8 31 108
25 3.8 43 138
d, Sewage Flow.~ -The maximum rate of sewage flow from

“the entire area is based on the following ascumptions:
Population = 30 pergsons per acre.
Daily Discharge = 100 gallons per capita.
Load Factor (ratio of maximum to average
flow) = 3. '
h ]

The average flew, based on these assumptions, was computed to be
1.4 c.f,8. with a maxlmum rate of flow of about 4.2 e.f.s..
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e, Segpage.— BSeepage under the concrete wall and
through the earth dlke ig estimated to be 05 cefasun

£. Cepacity of ¥xighine Sewers.~ The capacities of
the existlng sewers computed on the bagis of their gize and slépe,
and 2 value of "nt in Kutter 8 formula of 0,015 ave as follows:

Portland Street 50 7.5
Market Street ' 154 2.7
Greenfield Street 10% 1.0
Salem Street 150 7.5

Bxigting total capaclty of sewers
serving Aren "C% and discharging
into the 54" main in Osgood Street 10.7

Salem and Osgood Streets (based on
average slope between South Unien .
and Portland Streets) - Eh"

L \‘- Sy e

\TW The genersl
plan of the proposed sanitary and gtorm sewers is shown on Plate

5. Surface run~off that will be ihtercepted by the wall and dike
wlll be disposed of by discharging inte the existing sewer from
new catchbaging and laterals, and by new drainage lines extonding
along the wall and dike. The new drains will slope to loring
Strest, intercept two exlsiing drains that discharge into the
Shawsheen River, and then extend along Loring Street, Salem Street
and Oggood Street to o proposed control chamber located at the

- Oorner of Osgood Street and Market Street. The directlon of flow
is opposite to the surface slope and the depth of the drains there-
fore, will increase from 8 feet at loring and Salem Streets to 20
feot in Osgood Street, This same line will also intercept the flow
from the existing sewers in Salem, Greenfield, Market and Fortland
Btreets in order to be able to isolate the entire gewage and drain-
age in Area "C" from the flow in the 5% inch main, The purpose of
this layout is deseribed further in paragraph 6 d. (2) of the re~
port. The capacity of the proposed 15 inch drain in Salem Street
will be 3.5 c.f.s. which will increase the total sewer and drain
capacity from Area "C" to 14,2 c.fws.. If the storm to be ex—
pected once in 10 years is adopted as the design criteria, this
total capacity is low compared with the theoretical computed 31
Cefygs. The City Engineer, Lawrence, has advised that no diffi-
culty has been encountered from these combination sewers amnd
draing, henece it is concluded that the system can be utilized
safely without increasing the size of the gystem. The capacity of
the 54 inch sewer closely checks the computed run-off and is be~
lieved %o ve satisfactory.

h. Pumpirg Requirementg.~ The pumping requirements are
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influenced by the frequency that pumping will be required by
different heights of river levels, 4 curve showlng the ex-
pected relation between river stages and frequency is shown on
Plate 10, Assuming that pumping is necessary when the river
stage rises to an elevation approximately 6 fset below the low-
est average ground level to prevent sewoge from backing into
cellars, pumping for protection of Area "C" ghould commence with
r1Var stage at about elevation 29.0, Similarly, pumping for
Area "D" ghould start at a river stage of approximetely 3U4.0.
The frequencies that the river is anticipated to reach these
stages are once in 1R years %o elevation 2.0 and once in 110
years to elevation 34.0. Data have been compiled from past
records and are plotted on Plate 11 to show the 1 hour rainfall
intengities that have ocourred simultaneously with high river
stages. Thig curve illustrates the improbability of high in-
tensity rainfall occurring during flood stages:. The rainfall
of high intensity usually tskes place during the storm that
produces the flood, ag noted in paragraph 4 b, of the report.
Flood stagee at lawrence oceur after more than 2 days follow-
ing the storm and ordinarily the center of the meteoroligical
disturbance has passed by that time. Oonsequently,\the golected
design criteria for determining the capa01t¥ﬂ - YHe
A

pumps are ag followss

(l) SARVONYP P i :

a) Rlv \sﬁﬁgei slevation 3848
(Dé%iéh)storm)

(b) BRainfall is negligible.

() Pump reguired for maximum
sewage dlscharge from Areas
NGM UDM ang UBY,  Maximum
computed discharze is 4 cef.s.s

(2) Condition No

(ay River stage between elevations
29,0 and 3H.04 -

{6) Prequency of this occurrence is
once in 12 years. :

(¢) 3Reinfall of an inbensity to be
expected once 1n 10 years occur—
ring simultaneously with the high
river stage. .

(d) Pumping required for protection of
Area "0V, Maximum computed discharge,
including sewage; is 33 cefese. Capa-
city of sewers, existing and proposed,
ig 14,2 c.f.s,, Digcharge from Areas
80" and "ET can be allowed to flow to
the Merrimack River by gravity without
causing damage.
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(3) Copdition No. 3.-

(a) River stage olevations 34,0 and
higher.

(b) Frequency of this occurrence once
in 110 years.

{¢) Rainfall of an assumed intensity
of 0,5 inches per hour occurring
simultaneously with the high river ‘
stage.

(4) Pumps required for pumping combined
sewage and storm runwoff from Areas
"o* and "D' and sewage from Area "BY.
Computed discharge for this condition,
including sewage, is 32 cefese.

It is proeposed to provide pumps of the same type and capacity as
those recommended for the North Andover project. Three fixed
blade propeller pumps will have the following capacities against
a maximum pumping head of approximately 25 feei?

1~ U4 cuf.s. pump with an electric motor
2 -~ 23'c.f.e. pumps with gasoline mobors.

Forther discussion concerning selection of pumps ig included in
paragraph 6 4. (1) of the report,
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APEENDIX "3

0OST ESTIMATE

LOGAL PROTEGIION, NORTH ANDOVER, MASS.

Ztem Suantity Unit Oost Cost
¥all and Dike
Bxcavation 11,000 c.y, $. 0,60 $ 6,600
Stripping 4,000 a.7, o.go 2,000
Bac-kfill 2’000 G..YQ 0. 40 800
Compacted Impervious ' ' :
Fii1 154000 o 1,25 18,800
Oompacﬁad Fill 114000 Cofn 1025 13'800
Sand and Gravel - 54000 cu¥o 1,75 8,800
TOPSOil 31000 C.yn 2-75 8.300
Grading and Seeding 4.0 acres 375,00 1,500
Riprap 500 a4¥s 5,00 2,500
Concrete 4,260 e,y 25,00 106,500
Beinforeing Steel 1,214,000 1bs. 0407 8,700
Bulkhead , ' . L.3. 14500
Cost of Wall and Dike ' © $185,800
Draing and Purping Station .
‘ Drains ’ Lq 8. 12’500
Pumping Station - LS. 60,000 |
"~ Oogt of Draing, Pumping Station 72,500
Channel Realignment 12,000 Co¥e 0. 45 . 5,400
Subtotal o $263,700
Bngineering, Ingpection, Overhead and
Contingencies (25%) - 65,900
Total Construction Costs - North Andover $329,600
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APPENDIX OV

00ST ESTIMATE

LOCAL PROTHOTION ~ SCUTH LAWRENCE, MASS.

Item Quantity Unit_Cost Cost
Wall snd Dike | |
Excavabion 13,700 coy.  $ 0:60 $ 8,200
Stripping . 600 c.y. 0,50 00
Backfill 24500 Cy¥a Oy 40 1,400
Gompacted lmpervious :
Fi1l 10,500 co¥. 1v25 13,100
Sand and Gravel 4,000 c.y. Le75 7,000
Topsoil 2,000 c.ys 2475 5,500
Grading and Seeding 2,5 acres 375400 1,000
Riprap 275 eV 5«00 1,400
Concrete %4400 cuye 25,00 854000
Reinforcing Steel 834500 lbs. 0.07 5,800
Bulkhead L.5. 7,500
Cost of Wall and Dike $136,200
Draing and ing Station
Drains L8, 30,100
“Control Chamber 1.8, 5+000
‘Pumping Station L, s h5,000
Cost of Drains and Pumping Station 90,400
Subtotal - - $226,600
Englneeri.ng. Inspection, Overhead end ' :
Contingencies (25/0) ' 56,700

Total Construction Costs - south Lawrence $283,300
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APPENDIX "EM

TABLE OF COSTS_AND ANNUAL CHARGES

Yorth South West
. Andover Lawrence Lawrence
Federal Investment
A, Structures (50 year 1ife)
Constructlion costs $ 299,600, $ 253,300. $ 52,250,
B, Equipment (30 year 1ife) 30,000, 30,000, none
C. Total Federal Investment $ 329,600, $ 283,300, $ 52,250,
D, Annual Federal Carrying Charges .
1, 3% Interest - $ 9,890, $ 8,500. % 1,570,
2. Amortization, struc~
tures (0,886%) 2,650, 2,240, 460,
3¢ Amortization, equipe
ment (2,102%) 630, 630, -
4, Total Federal Carrying I
Charges $ 13 17o.rﬁx,g~\-‘ \ 2,030,
Non-Federal Investment ~ ﬁ A ﬂ
A, Land and Easements \m)§wjﬁ 5,000, $ 4,000,
B, - Annual Carrying Charges -
4% Interest 400, 200, 160,
0. Annual Cost of Maintensnce
and Operation . 00, 500, 100,
D, Total Non-Federal Carrying ‘ !
Charges - $ 900, § 700. $ 260,
Totel Annual Carrying Charges $ 14,070, $ 12,070, $§ 2,290,
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